Errata 



Title & Document Type: 8481 2A 400E / 400EL AC Voltmeter Operating and 
Service Manual 

Manual Part Number: 00400-90021 
Revision Date: March 1986 



About this Manual 

We’ve added this manual to the Agilent website in an effort to help you support your 
product. This manual provides the best information we could find. It may be incomplete 
or contain dated information, and the scan quality may not be ideal. If we find a better 
copy in the future, we will add it to the Agilent website. 

HP References in this Manual 

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett- 
Packard's former test and measurement, life sciences, and chemical analysis 
businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is 
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent 
8648A. We have made no changes to this manual copy. 

Support for Your Product 

Agilent no longer sells or supports this product. You will find any other available 
product information on the Agilent Test & Measurement website: 

www.aqilent.com 

Search for the model number of this product, and the resulting product page will guide 
you to any available information. Our service centers may be able to perform calibration 
if no repair parts are needed, but no other support from Agilent is available. 
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OPERATING AND SERVICE MANUAL 

HP MODELS 400E/400EL 
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•SERIAL NUMBERS 

This manual appfiss to 400Es with Serial Number Prefix 1208 
and 400EU with Serial Prefix 1211. 



IMPORTANT NOTICE 

If your instrument's Drefix/serial number is lower than 
shown above, refer to Section VIII for backdating in- 
formation. If the prefix number is higher, updating in- 
formation may be on a yellow MANUAL CHANGES 
supplement. 

fwARNING I 

To he/fj minimize the possibly of electrical fire or 
Shock hazards, do not expose the instrument to rain 
or excessive moisture. ) 
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CERTIFICATION 

d^t this product met its published specifications at (he time of shipment from 
the factory, Hewlett- 1 ackard further certifies that its calibration measurements are traceable to the United States Na- 
tional Bureau of Standards, to the extent allowed hv the Bureau \ calibration facility, and to the calibration facilities 
other International Standards Organization members. 

WARRANTY 

This Hewlett-Packard instrument product is warranted against delects in materials and workmanship lor a period 

m cl S r ^ prncn • i. ,e ! tcep ‘ ' n" U . ,c case of ccr,ain components listed in Section I of this manual, 
the warrant > shall be for the specified period]. During the warranty period. Hewlett-Packard Company will, at its 
option, either repair or replace products which prose to be defective. 

For warranty service or repair, this product must be returned ro a service facility designated by -hp-. Buyer shall prepay 
shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However. Buyer shall 
pay all shipping charges. Mimes, and laws for pi ..ducts returned to -hp- from another country. 

Duration and conditions »f warranty for this instrument may be superceded when the instrument is integrated into 
(biconks a part of) oth-.r -ho- instrument products. 

Hewlett-Packard warrants that its software and firmware designated by -rip- for use with an instrument will execute 
its programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation ol the instrument, or software, or firmware will be uninterrupted or error free. 

LIMITATION OF WARRANTY 

The foregoing warranty shall not apply to defects resulting from improper or inadequate main enance by Buyer, Buyer- 
supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental speciflca* 
Pons lor the product, or improper site preparation or maintenance. 

NOOTIfER WARRANTY IS EXPRESSED OR IMIU.II*!>. H I: W I . ETT • ACK A R I) SPIT I FICA l [ V DISCI AIMS 
IHL IMPLIED WARRANTIES Ol MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE^ 

EXCLUSIVE REMEDIES 

I>ROVII>El) HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES HFWIETT- 
PACkARD SHALL NOT BE LIABLE FOR ANY DIRECT. INDIRECT. SPECIAI , INCIDENT A I OR CONSF 
QUENTIAL DAMAGES. WHETHER BASED ON CONTRACT. FORT. OR A’s’Y OTIIFR iSiA 

ASSISTANCE 

i 

Product maintenance agreements and other customer assistance agreements are available for Hewlett -/ ackard products . 

Forany assistance, contact your nearest Hewlett- P m kard Sales and Service Ofjhe Addresses are provided at the back 
oj mis manna!.' i . 
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SAFETY SUMMARY 

Th« following general safety praeautlont must ba observed during all phasos of operation, service, and repair of this 
Initrumant Failura to comply with thasa precautions or with tpacific warnings alsawhara in thla manual violates 
tafaty standards of dasign, manufacture, and fntandad use of tha instrument Hawiatt Packard Company asaumea no 
liability for tha customer's ftilura to comply with these requirements. This is a Safety Class 1 instrument 

, GROUND THE INSTRUMENT 

To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved throe-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 

Do not operate the instrument in the presence of flammable gases cr fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 

KEEP AWAY FROM LIVE CIRCUITS 

Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions,' dangerous voltages may exist even with 

the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. , i 

DO NOT SERVICE OR ADJUST ALONE 

Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. , 

, 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 

Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewlett- 
Packard Lales and Service Office for service and repair to ensure that safety features are main- 

I8in6Q« 

DANGEROUS PROCEDURE WARNINGS 

Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 

WARNING I 



Dangerous voltages, capable of causing death, are present in this instrument Use ex- 
treme caution when handling, tasting, and adjusting. 



! . 



4 







HEWLETT 

PACKARD 



Operating and Safety Symbols 

Symbols Used On Produets And In Manuals 



© 



AC line voltage input receptacle. 

Instruction manual symbol affixed to product. Cautions the user to refer to 
respective instruction manual procedures to avoid possible damage to the 
product. 

Indicates dangerous voltage -terminals connected to interior voltage 
exceeding 1000 volts. 

Protective conductor terminal. Indicates the field wiring terminal that must 
be connected to earth ground before operating equipment - protects against 
electrical shock in case of fault. , / 

Clean ground (low-noise). Indicates terminal that must be connected to 
earth ground before operating equipment - for single common connections 
and protection against electrical shock in case of fault. 

Frame or chassis ground. Indicates eq lipment chassis ground 
terminal - normally connects to equipment frame and all metal parts. 



ATTENTION 

SMttStnunv* 



Affixed to product containing static sensitive devices -use anti-static 
handling procedures to prevent electrostatic discharge damage to 
components. 



Calls attention to a procedure, practice, or condition that requires special 
attention by the reader. 



CAUTION 

Calls at ten ‘ion to a procedure, practice, or condition that could possibly 
cause damage to equipment or permanent loss of data. 



WARNING 

Calls attention to a procedure , practice, or condition that could possibly 
cause bodily injury or death. 
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SECTION i 



I t. DESCRIPTION. 



GENERAL INFORMATION 

!*7, OPTION 02. 



1-2 The -hp- Models 400E and 400EL are ver- 
satile ac voltmeters and dB meters. Both models 
can be used as ac to dc converters or wideband 
amphhers.The Model 400E is primarily intended 
v . 01 '! age measurements, whereas the Model 
400EL is primarily a dB meter. However, both 
meters indicate both volts and dB. The 400E has a 
linear ac scale with a logarithmic dB scale 
underneath, and the 400EL has a linear dB scale 
with a logarithmic ac scale underneath. Since the 
difference in scales is the only difference between 

* wo :nstrumenls * this manual will use the term 
400K/EL in reference to both instruments. 



1-8. Option 02 adds a relative reference adjust- 
ment to the 400E/EL. The REL. REF. control 
allows a continuous reduction in sensitivity by a 
maximum of 3 dB in order to make relative 
voltage or dB measurements. 



1-9. Option 910. An additional Operating and Ser- 
vice Manual, Part Number 00400-9002 1 . 



HO. INSTRUMENT AND MANUAL IDENTIFICA- 



1-3. Figure 1-1 shows both the Model 400E and 
the Model 400EL. Table 1-1 is a list of specifica- 
tions. 




1-4. OPTIONS AVAILABLE. 
1-5. OPTIONS Ot (400E ONLY). 



1*6. Option 01 places the dB scale uppermost for 
greater resolution when making dB measure- 
ments. 



I-ll. Hewlett-Packard uses a two-section serial 
number. If the first section (serial prefix) of the 
serial number on your instrument does not agree 
with those on the title page of this manual, change 
sheets iupplied with the manual will define the dif- 
5??, t ? wcen y°9 r instrument and the Model, 
4O0E/EL described in this manual. Some serial 
numbers may have a letter separating the two sec- 
tions of the number; This letter indicates the coun* 1 
try in which the instrument was manufactured. 
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Models 4001 ,4001. L 




Maximum Overload: AC xinciwve vnlijecs input to 
tin* I mV tiWoueh I V uiijks iiiim not exceed 
l I k valuo di«mn: 



FREQUENCY (Hit 


«oo ■ >««* 


AC lirevvuvcs input to the 3 V 
through 300 V ranges must net 
exceed 500 V rms. 


j 


The limit q( 300 V dr. mutt not 
be exceeded on any range. , 
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SECTION II 
INSTALLATION 



2*1. INTRODUCTION. 

section contains information and instate- 
t ions necessary lor the insta!Iut;on and shipping of 
the Model 4001: and 400LL Voltmeters. Included are 
initial inspection procedures, potvVr and grounding 
requirements, installation informatVm. and instruc 
tions lor repackaging for shipment. ' 

2-3. INITIAL INSPECTION. \ 

2-4 This instrument was carefully inspected both 
mechanically and electrically before shipment. It 
should be physically free of mars or scratches and in 
perfect electrical order upon receipt. To confirm this, 
the instrument should be inspected for physical 
damage in transit. Also check for supplied accessories, 
and test the electrical performance of the ins.rument 
usmg the procedure outlined in Paragraph 5-7. If 
| there is damage or deficiency, see the warranty on the 
inside front cover of this manual. \ 

J i 

2-5. POWER REQUIREMENTS. 

2-6. The Model 400E/EL can he operated from any 
source ol 1 15 or 230 volts at 48 to 440 Hz or froi't 
two 35 to 55 volt batteries connected to the rcai 
panel dATTER> ] terminals. The II 5/230 V slide 
switch on the rea., panel selects :he desired line 
voltage. Power dissipation is 10 watts maximum. 

KAuno^ 

Cuajuajuuaaj 

Before applying ac power to the 4001: or 
4001.1, be sure it /if set for the proper line volt- 
age. 

2-7. POWER CORDS. 

2-8. Figure 2-1 illustrates the standard power plug 
configurations that are used throughout the United 
States and in other countries, llic 4m- part number 

ir ( nrtL'/L bCl °' V Cadl dravvin S > s the part number for 
a 400K/fcL power cord equipped with a power plug 

of that configuration. If the appropriate power cord 
is not included with the instrument, notify the 
nearest -hp- Sales and Service Office and a replace- 
merit cord will be provided. 



2-9. GROUNDING REQUIREMENTS. 

2-10 To protect operating personnel, the National 
Electrical Manufacturers* Association (NLMA) 
recommends that the, instrument panel and cabinet be 
grounded. All Hewlett-Packard instruments ate 
equipped with a three-conductor power cable which, 
when plugged into an appropriate receptacle, grounds 
the instrument. The offset pin on the power cable 
three-prong connector is the ground wire. 

P WAR NING \ 

for operator protection during battery opera- 
tion, connect chassis terminal (MP2b) to earth 
ground. 

. ) 

Ml/. INSTALLATION. 

^2- The Model 400E/LL is fully transistorized; 
therefore, no special cooling is required. However, the 
instrument should not be operated where the ambient 
temperature exceeds 55° C (131° F) or the relative 
humidity exceeds 95'*. 

2-13. BENCH MOUNTING. 

2-14. The Model 400fc‘/FL is shipped with plastic 
loot and tilt stand in place, ready for use as a bench 
instrument. 



2-15. INSTRUMENT CASL 

2-16. The ‘’00F/EL can be placed in a rugged, high 
impact plastic case (-hp- II076A). The ihstrumcnt 
can be operated, stored or carried in this splash-proof 
case, A dual purpose tilt stand also serves as a carry- 
ing handle. Storage space is located at the rear of the 
case and in the front lid. 

2-17. RACK MOUNTING. 

2-18. The Model 400E/EL may be rack mounted by 
using an adapter frame (-hp- Part No. 5060-0797). 
The adapter frame is a rack f v amc that accepts any 
combination of submoduhr units. It can be rack 
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Model 400E/EL 



mounted only. For additional information. ad Iress 
inquiries to your -hp- Sales and Service Cilice. (See 
Appendix li for office locations.) 

2-19. COMBINATION MOUNTING. 

2-20. The Model 400E/JL may be mounted in 
combination with other sub modular units by using a 
Combining Case (dtp- Model 1051 A or I052A). The 
Combining Case is a lull-module un*’ winch accepts 
various combinations of sub modular units. Being a 
full-module unit, the combining case can be bench or 
rack mounted and is analogous to any full-module 
instrument. 

2-21. REPACKAGING FOR SHIPMENT. 

f 

2-22. The following paragraphs contain a genera! 
guide for repackaging of the instrument for shipment. 
Refer to Paragraph 2-23 if the original container is to 
be used; 2-24 if it is not. If you have a»y questions, 
contact your local -lip- Sales and Service Office. (See 
Appendix B for office locations.) 



her of the instrument. In any correspondence . 
identify the instrument by model number t 
serial number , and serial number prefix. 

2-23. If original container is to be used, proceed as 
follows: 

a. Place instrument in original container if 
available, if origin:*' container is not availa- 
ble. a suitable container can he purchased 
from your nearest -lip- Sales and Service 
Office. 

b. (insure that container is well sealed with 
strong tape o metal bauds. 

2-24. If original container is not to be used, proceed 
as follows: 

a. Wrap instrument in heavy paper or plastic 
before placing in an inner container. 

b. Place packing material around all sides of 
instrument and protect panel lace with card- 
board strips. 



If the instrument is to he shipped to Hewlett- 
Packanl for sen- ice or repair, attach a tax unite 
instrument identifying the owner and indicating 
the service or repair to be accomplished; 
include the model number und full serial nunu 



c. Place instrument and inner container in a 
heavy carton or wooden box and seal with 
strong tape or metal bands. 

d. Mark shipping container with '‘DELICATE 
INSTRUMENT,” “PR AGILE,” etc. 
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SECTION III 

OPERATING INSTRUCTIONS 



31. INT RODUCTION. 

3-2. The Model 400E/HL is primarily an ae voltmeter 
and dB meter, but it can be used as an ae to de 
converter or as a wide band amplifier. 

3-3. This section explains the controls of the 
400E/EL and outlines the operating procedures for 
each njode of operation, 

3-4.' LOCATION OF CO NTROLS AND 
INDICATORS . 

3-5. Figure 3-2 shows the location of each of the 
400 E/EL controls and explains the function of each. 

3-6. OPERATING INSTRUCTIONS. 

3-7. STANDARD 400E/EL. 

3-8. AC Voltmeter. 



Table 3-1 , Effect of Distortion on Average 
Responding Meter’ 



Harmonic 


Cfc Distortion 


% ERROR 
(* Fundamental) 


Max. 

1 Positive 


Max. 

Negative 


Any 


0.1 


0.000 




even 


0.5 


0.001 






1.0 


0.005 






2.0 


0.020 




Third 


0.1 


0.033 


0.003 ' 




0.5 


0.168 


0.167 




1.0 


0.338 


0.328 




2.0 


, 0.687 


0.667 


Fifth 


0.1 


0.020 


0.020 




0.5 


0.101 


0.099 




1.0 


0.205 


0.195 I 




2.0 


0.420 


1.380 


* Depends on phase relationship between 
harmonic and fundamental. 



NOTE 

l 

Since the 400 E/EL is average 
responding and rms calibrated, any 
distortion will affect the accuracy 
of the measurement. Table 3-1 
shows the errors caused by 
distortion. 

a. Ensure that II 5/230 V ae slide switch on 
the rear panel matches line voltage used, and 
connect power to the instrument. Mechani- 
cally zero the instrument using the proce- 
dure outlined in Paragraph 5-5. 

h. To operate the Model 400E/EL with battery 
power, connect two 35 to 55 volt batteries 
as shown in Figure 3-1 : Since the Pom panel 
LINE switch has no effect during battery 
operation, the switch in Figure 3*1 can he 
used as a convenient method of discon- 
necting the batteries when the instrument is 
not in use. Two 35 volt batteries will deliver 
approximately 75 in A and two 55 volt 
batteries will deliver approximately 50 mA. 



JNARNINGJJ 

For operator protection during battery opera- 
tion, connect chassis terminal (MP20) to earth 
ground. 



e. Turn line ON toggle switch to up position. 
LINE lamp will glow. 

d. Select approximate range of signal to be 
measured. 



Do not apply more than 500 volts ae to input. 
Do not overload the .001 through l volt ranges. 
Consult Table 1-2 for overload limits, Ijanyof 
these overloads are extvaled the instrument 
may be damaged. 
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0 400IZ Scale: Indicates magnitude of applied 
signal in volts and dB. Option 01 places the 
UB scale uppermost for greater resolution. 
OdBm = lm\V in 600 ohms. 

(?) 400EL Scale: Indicates magnitude of applied 
signal in volts and dB. DB scale is linear, and 

1 vo ft age scales are logarithmic. This 
arrangement allows betk. , solution for dB 
reading. OdBm = lmW in 600 ohms. 

(?) AC INPUT: BMC input jack connects signal 
to be measured. 

Q) REL. REP Adjust (Optiop 02 p- Varies 
indication on meter by 3dB. Fully clockwise, 
ABSOLUTE position retains full, meter 
indication. This control is used to vary meter 
indication with a given input in order to 
make relative readings easier. 

(?) RANGE Selector: Selects full scale reading 
of meter. DB reading on scale udds, 
algebraically to dB setting of RANGE 
selectoi. 

(T) Line ON Toggle Switch: Applies primary 
power. 



0 LINE Indicator Lamp: Indicates application 
of primary power. ' , 

0 FUSE: 1/8A. Protects instrument against 
current overload. 

. » V 

0 115/230 Volt Slide Switch: Select 115 or 
230 wilts ac for lipc operation.- 

• i 1 l 

©PRIMARY POWER CONNECTOR*. Line 
voltage is applied through this connector. 

« I 

\ t 

@ AC OUTPUT: Ac umplifjer output. Output 
impedance is 50 ohms. 

@ DC OUTPUT: Ac to dc converter output. De 
voltage is proportional to percentage of 
meter deflection. Output impedance is 1000 
ohms. 

@ BATFERY VOLTAGE Terminals: 400E/EL 
may be powereu by connecting two 35 to 55 
volt batteries to these terminals. 

© CHASSIS TERMINAL: Chassis ground con* 
nection for battery operation. 
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Figure 3*2. Location of Controls an J Indicators 
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Figure 3-1. External Bui (ery Connection 



e. Con * i signal to be measured to INPUT 
tcrniiii'ds, and read the mis voltage on the 
scale. 

3-9. DB Meter. 

a. To make u dB or dBm measurement, follow 
steps a through c in Paragraph 3-8. and add 
the scale reading to the RANGE setting. For 

S e: .* r i ilC sca,c rcadi,, « is +1.5 and the 
^8^dB * S ^ ,c 'l^snrenien' is 

b. The 400E/EL dB scale is calibrated in dBm. 
OdBm is equivalent to I milliwatt dissipated 
by a 600 ohm load. Consequently. any dBm 
measurements must be made across a total 
impedance of 600 ohms. Measurements 
across other impedances will be in dB but 

, not dBm. 

i 

c. To convert a dB reading to dBm. use the 
Impedance Correction Graph (Figure 3 - 3 ). 
For example: To convert a +30dB reading 
made across 50 ohms to dBm. locate the 
load impedance on the bottom of the graph. 
Follow the impedance line to the heavy 

i black line and read the meter correction at 
that point. The correction for 50 ohms is 
+ !0.5dBm. and the corrected reading is 
+40,5dBm. 
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310. Ac to Dc Converter. 

a. Follow steps a through e in Paragraph 3-8. 

b. Conneci the rear panel DC OUTPUT 
terminals to j dc measuring device with a 
high input impedance. The dc output 
resistance is 1000 ohms: and if it is loaded, 
the dc out pat signal will be inaccurate. 

e. The dc output is a 0 to I \oh sj^.j 
proportional to the percentage of 4U0E/LL 
meter d /fleet Urn. 

, i 

3*11. Wide Baud Ac Amplifier. 

a. Follow turnon steps a through c in 
Paragraph 3-8. 

b. Select approximate range .4' input on 
RANGE switch. 

c. Connect SIGNAL to bo amplified to INPUT 
terminals. 

d. When using an ae power source, ground 
loops can be eliminated by connecting ihe 
40UI:/I;L to an adequate isolation iransf- 
former. This will open the power line ground 
circuit as shown in Figure 3-3, 




NOTE 

Place a I kilohm shielded load 
across the DC OUTPUT, if it is not 
being used, when using the AC’ 
OUTPUT. This is especially 
necessary on low ranges. 

tf * ot l,,e amplirter depends oh the 

KANGc selection. On the 0.1 volt range and 
below, the 400E/EL amplifies the input: and 
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on the 0.3 volt range and above, it 
attenuates the input. On the 0.001 volt 
ranges, the maximum output is lCSmV. On 
all other ranges, the maximum output is 
!50mV. Table 3-2 shows the ae amplifier 
gain for each run c e setting. 



• Table 3-2. AC Amplifier Gain 



RANGE 


GAIN 


RANGE 


GAIN 


0.001 


+40dB 


I 


-IbdB 


0.003 


+34dB 


3 


-26dB 


0.01 


+24dB 


10 


-36dB 


0.03 


+!4dB 


30 


46dB 


0.1 


+4dB 


100 


-56dB 


0.3 


4>dB 


300 


*66dB 



\ 



i *•<>(-- 

Q 



a U 

uj r 



-1. i 

j 



3 12. 400EWITH OPTION 01. 



3-13. Operation of the 4001: with Option 01 is 
essentially the same as operation of the standard 
400E: The dB scale reads from -15 to -2 instead of 
from -12 to +2, and is placed at the top of the scale 
for better resolution. 



344. 400E/EL WITH OPTION 02. 

3-15. Option 02 adds a relative reference adjustment 
to the 400E/EL. Till* adjustment allows a meter 
indication to be varied by 3dB. Use the REL. RET 
adjustment to set the meter at any convenient 
reference (OdB for example) in order to make relative 
readings easier. When the REL REF adjustment is in 
the iully clockwise ABSOLUTE position, it has no 
effect on the meter accuracy. 

3-lb. In all other respect: , operation of a Option 02 
instrument is the same as operation of a standard 
Model 4 COE/EL. 
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SECTION IV 

THEORY OF OPERATION 



4-1. GENERAL. 

4-2. The 400E/EL is a solid state, average 
responding, rim calibrated voltmeter. It also has 
applications as an ac to dc converter and a wide band 
amplifier. Figure 4-1 shows a simplified block 
diagram of the instrument. 

4-3. When relay Kt is closed, the input is not 
attenuated: when Kl is open and K2 is closed, the 
input is attenuated hy SO dB. On the 0.001 through I 
volt ranges, Kl is closed and K2 isopen. K2 is closed 
and Kl isopen on the 3 through 300 volt ranges. The 
entire Input Attenuator assembly is shielded, and the 
relays are operated remotely |>y voltages applied 
through the RANG!: switch. Variable capacitor A1C2 
is adjusted on the 3 volt range with a 3 volt 100 kHz 
input in order to shape the frequency response of the 
’nput Attenuator. 

4-4. The signal from the input attenuator is applied 
to the impedance converter. The impedance converter 
is a unity gain, feedback stabilized amplifier that 
matches the high Impedance of the Input Attenuator 
to the much lower impedance of the Host Attenuator. 

4-5. The Post Attenuator attenuates the output of 
the Impedance Converter by lOdB for each step of 
the RANGE switch. On the 3 volt range, the Post 



Attenuator is switched back to the 30dB position, 
and then it attenuates !0dB per step on the higher 
ranges. Variable capacitor S2C2 is adjusted on the 
.003 volt range with a 3mV. 8MHz input to adjust the 
KMHz response of the .003 ult range. With a full 
scale input on any range except the .001 volt range, 
the output of the Post Attenuator should be 3mV. 
On the .001 volt range, the output should be I mV. 

4-6. The Meter Amplifier is a four-stage, high-gain 
amplifier utilizing both ac and dc feedback for gain 
stabilization. The Meter Bridge, connected in the ac 
feedback path of the meter amplifier, converts the ac 
output of the amplifier to a dc voltage proportional 
to its average value. This dc voltage drives the meter. 
A2C28 and A2R38 adjust the gain of the amplifier so 
that the meter will read rms volts. A2R38 is adjusted 
at 400Hz.and A7.C28 is adjusted at 10MHz. 

4-7. The DC Output is a 0-1 volt level that is 
proportional to meter deflection. R2 is adjusted to 
calibrate the dc output. The AC Amplifier samples 
the ac feedback and generates 0 to l50mV ac output 
that is directly proportional to meter deflection. 

4-8. SCHEMATIC DESCRIPTION. 

(See Figure 7-1). 

4-9. IMPEDANCE CONVERTER. 




Figure 4-1. Simplified Block Diagram 
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CURRENT OUflING 
•►NEGATIVE HALF CYCLE 

+ CURRENT DURING 
POSITIVE HALF CYCIE 



FROM 

POST 

ATTEN 



METER 




FEEDBACK 



Figure 4-2. Meier Bridge 



4-10. TSic impedance converter, located on the main 
voltmeter board (A2), matches the high impedance of 
the input attenuator to the relatively low impedance 
of the Post Attenuator. Breakdown diodes A2CRI7 
and A2CRI8 bias diodes A2CR9 and A2CRI0at + 5 
and - 5 volts respt ively. A2CR9 and A2CR10 limit 
the input to 10 volts peak-to-peak, providing overload 
protection. Breakdown diodes A2CR20and A2CR21 
Jiabilize the bias voltages on A2Q5. Fuse A2FI 
protects the instrument against destructive overloads. 



4-1 1 . A field-effect transistor (A2Q5) is used in the 
input stage of the impedance converter because of its 
characteristically high input impedance and good 
frequency response. A2RI7 adjusts the dc bias of the 



impedance converter. The output is taken from the 
emitter circuit of A2Q7 and applied to the post 
attenuator and then applied to the meter amplifier. 
The solid black lines on the schematic show the signal 
path, and the broken lines show the feedback paths. 

4-12. METER AMPLIFIER. 

4-13. The meter amplifier amplifies its input signal 
by a fixed gain on all ranges except the .001 volt 
range. The amplifier itself is a four-stage, dc coupled 
amplifier with a cast ade-eou pled final stage (A2Q12 
and A2QI3). DC feedback is coupled from the 
emitter of A2Q12 back to the base of A2Q9. 
Breakdown diodes A2CR12, A2CR13 and A2CR14 
establish fixed dc bias levels in the amplifier. 



0 
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4*14. The output from the collector of A2QI3 is 
coupled through the Meter Bridge and fed back to the 
emitt'M of A2Q9. A2C28 In the feedback circuit 
adjujj ,he mint of fcrJback at the high end of the 
frequency range, and A2R38 adjusts the feedback at 
the low end. This calibrates the amplifier gain at both 
ends of the frequency range. A2R44. 45 and 72 ure 
switched into the feedback circuit on the 0,001 volt 
range, boosting the gain on that range. A2R44 adjusts 
the gain on the ImV range with a 40011/. input. 
A2R3! adjusts the dc bias level of the amplifier. 



415. METER BRIDGE. 



4*16. Figure 4*2 shows a partial schematic of the 
Meter Bridge. The meter bridge rectifies the ac 
amplifier output and supplies the dc current to drive 
the meter. In order to use part of the meter bridge 
output as the rear terminal dc output, the meter lias 
to be referenced to ground. Transistor A2Q14 
references the meter to ground. 

4-17. During the positive half cycle. A2CRI5 
conducts. Fart of the current (solid line) goes through 
A2C34 into the feedback path, and part of the 
current goes through A2R53 and the meter to 

• ground. The current through A2R53 turns on 
A2Q14, and A2QI4 draws current from the positive 
supply. The current from A 2 QI 4 goes through 
A2C3(> into the feedback path. 'Hie current through 
A2QI4 and A2C36 is equal to the current drawn 
through the meter, so the current out of the bridge is 
equal to the current into the bridge. 



4*18. During the negative half cycle, A2CRI6 
conducts and draws current from the feedback path 
(dotted line). Part of the current goes through A2C36 
and A2CR16 into the amplifier, and part goes 
through A2R53 and the meter to ground. The current 
through A2R53 turns on A2Q14. and the current 
from A2QI4 goes through A2R54 and A2CRI6 to 
the amplifier. Again the current through the meter 
equals the current through A2R54, and the current 
into the bridge equals the current out. 



4-19. Transistor A2Q14 replaces current drawn by 
the meter, so the meter bridge is kept Boating wnile 
the meter Is referenced to ground. The dc output, 
taken across A2R65 and R2. is also referenced to 
ground. 



4-20. FET A2QI8 provides a small resistance at V\ 
scale inputs and n large resistance at full scale in- 
puts. This in turn causes the bridge to partially turn 
off at full scale inputs. Any full scale readings at 
10 MHz are then lowered and the */> scale readings 
are increased. Any excess peaking at full scale and 
excess rolloff at '/» scale at 10 MHz is prevented. 
At frequencies below 6 MHz, the amplifier’s gain 
is enough to override the bridge being partially 
turned off. 



4-21. AC OUTPUT CIRCUIT. 



4-22. The, ac output circuit isolates the meter bridge 
and amplifier from the ac output load. It consists 
of two emitter followers (A2QI5 and QI6) con- 
nected in cascade, A2R59 in the base circuit of 
A2QI 5 zeroes the output dc level at the ae output. 



4-23. POWER SUPPLY. 



4-24. The power supply produces regulated r 26 
volts and - 26 volts. Breakdown diode A2CR7 
established a reference voltage of 6.98 volts. Part 
of the power supply output is applied to the base 
ol A2Q2, and A2Q2 senses the difference between 
the supply output and the reference. If the output 
voltage changes, the emitter to base voltage of 
A2Q2 will change; and the output of A2Q2 will 
change the current through A2QI, the regulator. 

4-25. The negative regulator, A2Q3 and A2Q4, iues 
the + 26 volt output as a reference. Consequently, 
the negative supply is dependent upon the positive 
supply. 






4*3/4*4 



m 



SECTION V 



MAINTENANCE 



5-1. INTRODUCTION. 



5 5. TEST CARD. 



5-2. This section has the maintenance information 
for the HP 400E/EL. Included are the Performance 
Tests, Calibration Procedures, and Troubleshooting 
Procedures. 

5-3. REQUIRED TEST EQUIPMENT. 

5-4. The required test equipment to maintain the 
Model 400E/EL is listed in Table 5-1 . Other equip- 
ment may be used, as long as the critical specifica- 
tions are met. 



5-6. The performance test card is at the end of this 
section to record the performance test results. The 
card may be used as a permanent record and may 
be reproduced without written permission from 
Hewlett-Packard. 

5-7. WARM-UP TIME. 

5-8. The HP 400E/EL and the required test equip- 
ment should be warmed up for at ‘east a half hour 
before doing any testing or calibration. 



Table 5-t. Required Test Equipment. 



Instrument 


Critical Specifications 


Recommcndrd Model 


Ac Calibrator 


Accuracy: 0.022% to 0.205% 
Voltage Range: .ImV to 300V 
Frequency Range: 10Hz to 110kHz 


Fluke Model 5200A 
and Model 5215A 


Function Generator 
(Test Oscillator) 


Frequency Range: 10Hz to 10MHz 
Output: 3V rms max. 

Distortion: < 1 % max. 


HP Model 331 2A 


Digital Multimeter 
(2 Required) 


Range: OV to 100V 
Sensitivity: 100 microvolts 
Accuracy: >0.01% 


HP Model 3468A 
or HP Model 3478A 


Thermal Converters 


a. Input: 3V rms 
Output: 7mV dc 

b. Input: IV rms 
Output: 7mV dc 

c. Input 0.45V rms 
Output: 7mV dc 


a. HP Model II049A 

b. HP Modei i I050A 

c. HP Model 1 1051 A 


Resistors 


100k, i 1% tolerance 
Ik, x 1% tolerance 


HP P/N 0757 0465 
HP P/N 0767 0280 


Termination 


Feed through, 50 ohm impedance 


HP Model 1 1048C 


Coaxial 
* Attenuators 

i 


a. 60dB attenuation, 

x .OldB tolerance dc to 10MHz 

b. 40dB attenuation, 

±.01dB tolerance dc to tOMHz 


a Weinschel 
Engineering 
Model 50-40S 
b. Weinschel 
Engineering 
Model 50-50S 


Wideband 
'AC Voltmeter 


Frequency Range; 10Hz to 4MHz 
Accuracy: >±!% 


HP Model 3403C 
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5-9. MECHANICAL ZERO ADJUST (4Q0E Only). 

5-10. Adjust the from panel meter to the zero posi- 
tion before doing any performance tests and calibra- 
tions. Do the following: 

a. Make sure the instrument has been off at 
least a minute, or momentarily short the 
meter terminals. 

b. Rotate the mechanical meter adjustment 
screw CLOCKWISE until the meter 
pointer is to the left of zero and moving 
upscale toward zero. 

e. Continue rotating the screw 
CLOCKWISE until the pointer is exactly 
on zero. If needle overshoots, repeat step 
b. 

d. With the pointer exactly on zero, turn 
the adjustment screw slightly 
COUNTERCLOCKWISE to relieve any 
tension on the suspension. If the pointer 
moves to the left, repeat the adjustment 
procedure but make sure the 
counterclockwise rotation is less. 

5-11. PERFORMANCE TESTS. 

5-12. The performance tests verify the 
HP 400E/EL’s accuracy specifications listed in 
Table l-l . Perform these tests for incoming and 
periodic inspections, and before instrument calibra- 
tion. The performance tests are separated as 
follows: 

Accuracy Checks from 10Hz to 110kHz 

- paragraph 5-16 

Frequency Response Checks from 110kHz to 

10MHz - paragraph 5-18 

Optional Frequency Response Checks from 

110kHz to 10MHz - paragrapi 5-20 

Optional Accuracy Checks from 10Hz to 10MHz. 

- paragraph 5-22 

Input Impedance Check - paragraph 5-24 

AC to DC Converter Output Impedance Check 

- paragraph 5-28 

AC Output VoltRge Check - paragraph 5-29 

5-13. ACCURACY AND FREQUENCY RESPONSE 
TESTS. 

5-14. Two tests are given to check the 
HP 400E/EL’s performance. The first test checks 



the accuracy on all ranges at frequencies from 10Hz 
to 110kHz. The second test checks the frequency 
response on the IV and 3V ranges only from 
1 10kHz to 10MHz. You may also use the second 
lest to check the accuracy at 10Hz to 10MHz by us- 
ing an additional thermal converter (,45 V converter, 
HP 1 105 1 A). The additional converter checks the 
HIMOOE/EL’s lower I mV and 3mV ranges. Since 
this test is slower to perform than the first, use it 
only for the frequency response test or for all tests 
if the first test’s equipment is unavailable. 

5-15. The first test uses an ac calibrator to check 
the HP 400E/EL’s accuracy. The second test uses 
thermal converters to check the response. Instead 
of thermal converters, you can also use an oscillator 
that is fiat in the I kHz to 10MHz frequency range. 
The absolute output accuracy of the oscillator is 
unimportant, but it has to be fiat within ± ,2 c -% 
from 1kHz to 10MHz. 



NOTE 

For HP 4Q0E/EL Option 02 in- 
struments, set the " REL . REF * * adjust- 
ment to the dock wise ARSOLUTL 
position before making any accuracy 
checks. 



5-16. Accuracy Checks from 10Hz to 110kHz. 

5-17. Refer to Figure 5-1. Use the recommended ac 
calibrator and digital multimeter to check the Model 
4 00F/EL accuracy on the .001 V through 100V 
ranges. To check the 300V range, use the recom- 
mended power amplifier (Fluke Model 5215A) with 
the ac calibrator, Do the following: 



NOTE 

Before performing any accuracy checks, 
warmup both the Model 400E/EL and 
the test equipment for at l east one half 
hour. 

Always uprange the HP 400E/EL 
before upranging the ac calibrator and 
always down range the ac calibrator 
before downranging the HP 400E/EL. 
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a. Set the HP 400E/EL to the 3 V range and 
setup the ae calibrator lor a 3V at 400Hz 
output. Setup the digital multimeter to 
measure de volts on autorange. 

b. Connect the ac calibrator and digital 
multimeter to the Model 400E/EI. as 
shown in Figure 5-1. 

c. Set the ac calibrator error range to 3% 
and turn the error marker to 0%. 

d. Read the dc output on the muhimeter. 
Make sure the reading is w thin the 
specified limits under the “DC Output*’ 
heading in Tables 5-2 and 5-3. 

e. Use the error control on the ac calibrator 
to determine the meter error on the 
HP 400EYEL. Do this by adjusting the 
error control until the reading on the 
HP 400E/EL agrees with the calibrator 
output. Then read the error directly from 
the error control scale. For errors above 
3°/o, use the ac calibrator’s output voltage 
setting to determine the error. Adjust the 
output voltage until the HP 400E/EL 
displays the correct voltage. Then 
calculate the error from the voltage set- 



ting. Make sure the errors are within the 
specified limits under the “Meter” 
heading in Tables 5-2 and 5-3. 

f. Repeat steps c, d, and e for each voltage 
setting and range at frequencies from 
10Hz to 1 1 Ok Hz, as listed in Tables 5-2 
and 5-3. To check the I mV and 3m V 
ranges, connect a precision 40dH at- 
tenuator between the ac calibrator and 
HP 400E/EL. Set the appropriate output 
on the ac calibrator to supply ImV and 
3m V to the HP 400E/EI.. If any readings 
and measurements are out the specified 
limits, go to paragraph 5-30 for 
calibration. 



NOTE 

f or accuracy and frequency response 
checks not listed in Tables 5-2 and 5-3, 
use the “ Accuracy Graphs" in 
Table 5-4. Obtain the accuracy percen- 
tage from Table l- 1 and select the 
ppropriate graph from the percentage, 
find the point on the curve for any point 
from full scale to 'A scale. Horizontally 
select the percent of reading. 
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Table 5-2. Accuracy Tolerances 



Frequency 

(Hz) 



3 Volt Range 


1 Volt Range E 


Voltage 


Meter 


DC OUTPUT 


Voltage 


Meter 


DC OUTPUT 


Input 


(% ol reading) 


(Volts) 


Input 


<% of rending) 


(Volts) 


3 


3.00 i 5% 


0.949 * 0.047 


1.0 


1 00 £ 5% 


1.00 £ 0.05 


2 


2.00 t 6.3% 


0.633 £ C.040 


0.5 


0.50 £ 7.5% 


0.50 - 0.038 


1 


1.00 ,* 10% 


0.316 i 0.032 


0.3 


0 30 £ 10.8% 


0.30 t 0.033 


3 


3.00 * 1% 


0.949 t 0.010 


1.0 


1 00 £ 1% 


1.00 £ 0.010 


2 


2.00 *. 1.5% 


0.633 £ 0.010 


0.5 


0.50 £ 2% 


0.50 • 0.010 




1.00 l 3% 


0.316 * 0.01 


0.3 


0.30 £ 3.3% 


0 30 £ 0.010 


H 


3,00 t 1% 


0.949 - 0.010 


1.0 


1.00 £ 1% 


1.00 £ 0.01 




2.00 i 1.5% 


0.633 £ 0.010 


0.5 


0.50 £ 2% 


0.50 £ 0 01 


i 


1.00 t 3% 


0.316 i 0.010 


0.3 


0.30 £ 3.3% 


0.30 • 0.01 


3 


3.00 * 1% 


0.949 £ 0.010 


1.0 


1.00 £ 1% 


1.00 £ 0.01 


2 


2.00 i 1.5% 


0.633 £ 0.010 




0.50 ♦ 2% 


0.50 t 0.01 


1 


1.00 t 3% 


0.316 £ 0.010 


0.3 


0.30 £ 3.3% 


0.30 £ 0.01 


3 


3.00 i 1% 


0.949 - 0.01C 


1.0 


1.00 £ 1% 


1.00 £ 0.01 


2 


2.00 i 1.5% 


0.633 £ 0.01C 


0.5 


0.50 £ 2% 


0.50 £ 0.01 


1 


1.00 * 3% 


0.316 £ 0 010 


0.3 


0.30 ♦ 3.3% 


0.30 £ 0.01 


3 


3 00 * 3% 


0.949 £ 0.029 


1.0 


1.00 £ 3% 


1.00 £ 0.03 


2 


2.00 t 3.8% 


0.633 £ 0.024 




0.50 £ 4.5% 


0.50 £ 0.023 


1 


1.00 £ 6% 


0.316 £ 0.019 




0.30 ♦ 6.5% 


0.30 £ 0.020 


3 


3.00 ♦ 5% 


0.949 £ 0.0475 


1.0 


1.00 £ 5% 


1.00 £ 0 05 


2 


2.00 ± 6.5% 


0.633 £ 0.0411 


J.5 


0.50 £ 8% 


0.50 £ 0.04 


1 


1.00 £ 15% 


0.316 £ 0.0348 


0.3 


0.30 £ 12% 


0.30 £ 0.036 



AThese tolerances can also be used on the following ranges: 10 mV, 100 mV. 



Table 5-3. Performance Test Limits 







1 Millivolt Range Only 






1 Millivolt Range Only 


Frequency 

(Hz) 


Voltage 

Input 


Meter (mV) 
(% of reading) 


DC Output 
(Volts) 


Frequency 

(Hz) 


Voltage 

Input 


Meter (mV) 
(% of reading) 


DC Output 
(Volts) 


10 


1 .00 mV 
0.5 mV 
0.3 mV 


1.00 £ 5% 
0.50 £ 7.6% 
0.30 £ 10.8% 


1.00 £ 0.05 
0.50 £ 0.036 
0.30 £ 0.033 


100 k 


1.00 mV 
0.5 mV 
0.3 mV 


1.00 £ 1% 
0.50 £ 2% 
0.30 £ 3.3% 


1.00 £ 0.005 
0.50 £ 0.0045 
0.30 * 0.0043 


40 


1 .00 mV 
0.5 mV 
0.3 mV 


1.00 t 1% 
0.50 ± 2% 
0.30 i 3.3% 


1.00 £ 0.02 
0.50 £ 0.015 
0.30 £ 0.013 


500 k 


1.00 mV 
0.3 mV 


1.00 £ 1% 
0.30 £ 3.3% 


1.00 £ 0.02 
0.30 £ 0013 


100 


1.00 mV 


1.00 £ 1% 


1.00 £ 0.005 


4 M 


1 .00 mV 


1.00 £ 5% 


1.00 £ 0.05 


or 

400 


0.5 mV 
0.3 mV 


0.50 £ 2% 
0.30 x 3.3% 


0.50 £ 0.0045 
0.30 £ 0.0043 




0.3 mV 


0.30 £ 10.8% 


0.30 £ 0.033 



.4 

































Figure 5-2. Frequency Response (and Optional Accuracy) Checks. 



51 8. Frequency Response Checks from 110kHz to 
10Mz.i 

\ 

5 19. Refer to Figure 5-2. Use the recommended de 
standard, function generator (ie„ oscillator), digital 
altimeters, and thermal converters to check the 
HP 400E/EL accuracy on the IV and 3V ranges. 
Do the following: 

NOTE 

1 I 

The function generator /oscillator 
should have distortion levels below I °/o. 

This is because the thermal converter 
and an average responding circuit, like 
the HP 400F./EL, react differently to 
distortion that cquld cause a reading / 
calibration error. However, the distor- 
tion level is less critical at high frequen- 
cies (4 MHz and above l allowing the use 
of a function generator /oscillator with 
higher distortion levels. 



a. Setup the test equipment as follows: 

DC Standard - 3V Output with Output 
Off 



Function Generator - 3V at 500k Hz Sine 
Wave Output 

Digital Multimeters - DC Volts Function 
and Autorange 
Switch - Position A 

b. Except for the HP 400E/EL (it will be 
connected later), connect the equipment 
as shown in Figure 5-2. Use the 3V Ther- 
mal Converter (HP 1I049A) in the test 
setup. 

c. Turn the de standard output on. Measure 
the thermal converter’s output voltage as 
read on the digital multimeter connected 
to the converter. Note this voltage. 



fCAUTION 1 

U *.A O 

Turn the dc standard output off and set 
the function generator output to 
minimum before connecting to the ther- 
mal converter. Also, reduce the function 
generator output to minimum before 
changing the frequency. Any voltage 
above the rated input voltage of the 
thermal converter can destroy the con- 
verter. 
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d. Set the .switch to position B. Adjust the 
output on the function generator until the 
thermal converter’s output voltage is the 

) same as read in step e. 

e. Set the HP 400E/EL to the 3V range. 
Connect it to the ”T” connector as shown 
in Figure 5-2. 

f. Read the dc output on the digital 
multimeter connected to the HP 
400E/EL. Make sure the reading is within 
the specified limits under the “DC Out* 
put” heading in Tables V2 and 5*3. 

g. Note the reading on the HP 400E/EL. 
Make sure the reading is within the 
specified limits under the “Meter” 
heading in Tables 5-2 and 5-3. 



h. Repeat steps a through 8 to check the 
* HP 400E/EL IV range at frequencies 
from 110kHz to 10MHz (as listed in 
' Tables 5-2 and 5-3).’ Use tin; I V Thermal 
Converter (HP l I050A) for this test and 
set the de standard and function generator 
for IV outputs. If any readings and 
measurements are out of the specified 
limits for both the IV and 3V tests, go to 
paragraph 5*30 for calibration. 

, 5-20. Optional Frequency Response Checks from 
110kHz to 10MHz. 

i 

5-21. This test, can be used if an oscillator is used 
that is flat within, ±.25% from IkHz to 10MHz. 
The ae calibrator and digital multimeter are also re- 
quired to perform this test. Do the following: 

i * s 1 

a. Set the HP 400E/EL to ihe 3V range and 
setup the ae calibrator lor a 3V it IkHz 
output (error range to zero). Set the 
dig’tal multimeter |o dc vohs and 
autorange. 

b. Setup the oscillatot for a 3 V at I It Hz out- 
put. Do not connect it 'to the 
HP 400E/EL at this time. 

i i 

c. Connect the ac calibrator and digital 
multimeter to the Model 400E/EL as, 
shown in Figure 5-1. 
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d. Read the dc output on the multimeter and 
note the reading. Also note the reading 
on the Model 400E/EL. 

e. Disconnect the ac calibrator from the 
HP 400E/EL and connect the oscillator 
to the Model 400E/EL. 

f. Adjust the oscillator output to the reading 
on the multimeter noted in. step d. 

g. Change the oscillator frequency to one 
you want to check. Note the reading on 
the multimeter mid the HP 400E/EL. 
Determine the percent error of the 
HP 400E/EL by calculating the dif- 
ferences between these readings and the 
ones taken in step d. Make sure these 
readings are within the specified limits 
under the “DC Output” and “Meter” 

1 headings in Tables 5-2 and 5*3. 

h. Repeat steps a through g for the 
HP 400E/E1. IV range. 

5-22. Optional Accuracy Checks from 10Hz to 10MHz. 

5-23. Use the procedure in paragraph 5-18 to check 
the accuracy on the HP 400E/EL I V and 3V ranges 
only. Check the I mV and 3m V ranges by using a 
,45V Thermal Converter (HP 11051A). The only 
difference between this procedure and the one in 
paragraph 5-18 is that the Model 400E/EL is 
checked at additional frequencies and ranges. 

5-24. INPUT IMPEDANCE CHECK. 

5-25. There are two tests to cheek the HP 400E/EL 
input impedance. One checks the input resistance 
and the other checks the input capacitance. The tests 
arc as follows: 

5-26. input Resistance Check. 

a. Setup the function generator for a 3V at 
40Hz output. Set the HP 400E/EL to the 
3V range. 

b. Connect the function generator to the 

HP 400E/EL. Adjust the function 
generator output for a full scale reading 
on the Model 400E/EL. ' 



Models 400E/400EL 



c. Connect u lOOkft resistor between the 
junction generator output and the 
HP 400E/EL input, us shown in Figure 
5-3. 

d. The HP 400E/EL reading should not 
drop more than t minor division from full 
settle. This indicates a IOM: or greater in- 
put resistance, 



6-27. Input Capacitance Check. 

a. Setup the function generator for u 3V at 
40Hz output. Set the HP 400E/EL to the 
3 V range, 

b. Connect a 100k: resistor between the 
function generator output and the 
HP 400E/EL input, as shown in 
Figure 5-3, Insert the resistor directly into 
the connector on the HP 4G0E/EL. Con- 
nect the ground lead to the outer shield 
of the HP 400E/EL connector. Do not 
use an adapter to connect the resistor to 
the HP 400E/EI.. An adapter adds extra 

, capacitance to the instrument's input. 

f 

c. Adjust the function generator output for 
a full scale reading on the Model 
400E/EL. 

i 

, d. Increase the function generator frequency 
until the HP 400E/EL reading drops to 
i 2.12V, This should occur at approx- 
imately 132kHz indicating an input 
capacitance of l2pF or less on the 3V 
range. 



e. Setup the function generator for a I V at 
4<)Hz output. Set the HP 400E/EL to the 
IV range. 

f. Adjust the I unction generator output for 
a full scale reading on the Model 
400E/EL. 

g. Increase the function generator frequency 
until the HP 400E/EL reading drops to 
0.707V, This should occur at approx- 
imately 63.5kHz indicating an input 
capacitance of 25pF or less on the IV 
range. 

5-28. AC TO DC CONVERTER OUTPUT IMPEDANCE 
CHOCK. 

a. Setup the function generator * v * a IV at 
1 00k Hz output. Set the HP 400E/EL to 
the 3V range. 

b. Connect a digital multimeter to the de 
output of the Mode! 400E/EL. Set the 
multimeter to de volts and autorange. 

c. Connect the function generator through 
a 50 ohm feed-through resistor to the 
HP 400E/EL. Adjust the function 
generator output fora 1.00000V reading 
on the digital multimeter. 

d. Place a 1000 ohm resistor across the de 
output of the HP 400E/EL. Make sure 
the dc output voltage is between ,475V 
and .525V as read on the digital 
multimeter. This shows an output im- 
pedance of 1000 ohms ± 5 To. 



FUNCTION GENERATOR 
HP 331 2A 



HP 400E/EL 




Figure 5-3. Input Impedance Checks. 
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6*29. AC OUTPUT VOLTAGE CHECK. 

a. Setup the function generator for a IV at 
10Hz output. Set the HP 4(X)E/EL to the 
3 V range. 

b. Connect a digital ac voltmeter to the ac 
output of the Model 400E/EL. 

c. Connect the function generator through 
a 50 ohm feed-through resistor to the 
HP 400E/EI.. Adjust the function 
generator output for a full scale reading 
on the Model 400E/EL. 

d. The ac voltmeter should read 150m V 
± I O'Vo. Change the frequency on the 
function generator from 10Hz to 4MHz 
and make sure the output voltage remains 
within the specified limits. 

e. Repeat steps a through d for the 100m V, 
I0m\\ and I mV ranges. For the ImV 
range only, the ac voltmeter should read 
!05mV ± 10%. 



are made with the instrument’s covets removed. If 
unable to correctly perform any adjustment, go to 
paragraph 5-51 for troubleshooting. 

NOTE 

/■'or HP 400E/EL Option 02 in- 
struments, set the “PEL. PEE" uljust- 
ment to the clockwise ABSOLUTE 
position before calibration. Also, always 
set the bias level first /see paragraph 
5-36) before calibration. 

5 32. COVER REMOVAL. 

5-33. Remove the top and bottom covers by remov- 
ing the screws at the rear of the covers. Then slide 
the cover off about one inch to the rear and lift if 
olf. To replace the cover, use the removal procedure 
in reverse. The side covers are removed by remov- 
ing the four screws securing the covers in place. 
Then lift the cover off. 

5 34. CHECKING POWER SUPPLIES. 



5-30. ALIGNMENT AND CALIBRATION PROCEDURES. 

5-31. Refer to Figure 5-4 for the alignment and 
calibration adjustment locations. The adjustments 



5-35. Before doing any calibration, check the HP 
400E/EL’s power supplies. Using a digital 
multimeter, check for + 26V ±2V at TPl and -26V 
±2V at TP2. If any voltage is wrong, go to 
paragraph 5-51 for troubleshooting. 




Figure 5-4. Location of Internal Adjustments 
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5*36. BIAS ADJUST. 



NOTH 



5-37. Connect a digital multimeter to TP3 and ad- 
just A2R17 for -6.0V ± 0.25V dc. Connect a digital 
multimeter to TP4 and adjust A2R3) for + 10.0V 
± JV dc. 

5-38. AC OUTPUT ADJUST. 

5-39. Connect a digital multimeter to TP5 and ad- 
just A2R59 for 0V ± 0.05V dc. 

540. CALIBRATION. 



The function generator/ oscillator 
should have distortion levels below l °/o. 
This is important because the thermal 
converter and an average responding cir- 
cuit, like the HP 400E/EL, react dif- 
ferently to distortion. This could cause 
a reading/ calibration error . However, 
the distortion level is less critical at high 
frequencies (4 MHz and above) allowing 
the use of a function generator/ 
oscillator with higher distortion levels. 



5-41. Two main procedures are given to calibrate 
the HP 400E/EL. The first procedure uses thermal 
converters and associated equipment. The second 
procedure uses an ac calibrator. If the second pro- 
cedure is used, some sections of the first procedure 
must also be used for high frequency (above 
110kHz) calibration. You can, however, use an 
oscillator that is flat in the I kHz to 10MHz frequen- 
cy range instead of the first procedure. The absolute 
output accuracy of the oscillator is unimportant, 
but it has to be flat within ± .25% from 1kHz to 
'0MHz. The adjustment order for both procedures 
are given in Table 5-5. j 

I 

I 

54?. Accuracy Calibration using Thermal Converters. 

5-43. Refer to Figure 5-2. Use the recommended dc 
standard, function generator (ic.i oscillator), digital 
multimeters, and thermal converters to calibrate the 
HP 400E/EL. A 0.45V thermal converter 
(HP 1 1051 A) is also needed for calibration. Do the i 
following: j 



a. Setup the test equipment as follows: 

DC Standard - IV Output with Output 
Off 

Function Generator - IV at 400Hz Sine 
Wave Output 

Digital Multimeters - DC Volts Function 
and Autorange 
Switch - Position A 

b. Except for the HP 400E/EL (it will be 
connected later), connect the equipment 
as shown in Figure 5-2. l»se the 1 V Ther- 
mal Converter (HP H050A) in the »est 
setup. 

e. Turn thif dc standard output on. Measure 
the thermal converter’s output voltage as 
read on the digital multimeter connected 
to the converter. Note this voltage. 



I 



Table 5-5. Alternate Calibration Procedure 



Step 


400E/EL Range 


Calibration i Signal 


Adjustment 


— 

400 E/EL indication 


Meter 


DC Output 


1 


0.01 V 


10:i»V 400 IU 


A2R38 


lOinV > 0.1m V 




R2 




1.000 t 0.005XU. 


2 


0.01 V 


JOmV |0MH/ 


A2C28 


lOmV ± 0.5mV 


1.000 i 0.05 Vdc 


3 


0.003V 


3mV 10MHz 


S2C2 


3m V i O.tSmV 


0.949 ± 0.047 Vdc 


4 


o.ootv 


ImV 40l)Hz 


A2R44 


ImV ± O.OImV 


1.000 i 0.005 Vdc 


5 


JV 


JV lOOktl/ 


AIC2 


3 V t 0.03 V 


0.949 x 0.004Vdc 
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rmrmyvyyj 

FCAUTION 1 

oujuuujuuu/J 

Turn the dc standard output off and set 
the function generator output to 
minimum before connecting to the ther- 
mal converter. Also, reduce the function 
generator output to minimum bejore 
changing the frequency. Any voltage 
above the rated input voltage of the 
thermal converter can destroy the con- 
verter , 

d. Set the switch to position B, Adjust the 
output on the function generator until the 
thermal converter's output voltage is the 
same as read in step c. 

e. Set the HP 400E/EL to the .01 V range. 
Connect a precision 40dB coaxial at- 
tenuator between the HP 400E/EL input 
and the *‘T” connector. 

f. Adjust A2R38 for a 0.01V ±0.lmV 
reading on the HP 400E/EL. 

g. Adjust R2 for a 1 ,000V ± 0.005V dc 
reading on the digital multimeter con- 
nected to the HP 400E/EL output. 

h. Set the output voltage of the function 
generator as low as possible. Then set the 
output frequency to 10MHz. 

i. Adjust the output on the function 
generator until the thermal converter’s 
output voltage is the same as read in step 
c. 

j. Adjust A2C28 for a I.C00V ± 0.04V 
reading on the digital multimeter con- 
nected to the HP 400E/EL output. 

k. Remove the 40dB precision attenuator 
from the HP 400E/EL and replace it with 
a 50dB precision coaxial attenuator. Set 
the HP 400E/EL to the .003V range. The 
input voltage to the Model 400E/EL 
should now be 3.l62mV. 

l. Adjust S2C2 for a 1 ,000V + 0.04V 
reading on the digital multimeter con- 
nected to the HP 400E/EL output. 



NOTE 

C heck and make sure the HP 400E/EL 
accuracy is good at 4MHz. and 6MHz, 

The amplitude can be lowered at 4MHz 
by moving A2C11 and Cl 3 closer 
together. 

m. Set the switch to position A o.td set the 
dc standard output to 0.3I62V. Set the 
function generator to 400Hz and set its 
output as low as possible. 

n. Replace the IV thermal converter with a 
.45V (HP II 051 A) converter. 

o. Measure the thermal converter’s output 
voltage as read on the digital multimeter 
connected to the converter. Note this 
voltage. 

p. Set the switch to position B. Adjust the 
output on the function generator until the 
thermal converter’s output voltage is the 
same as read in step o 

q. Adjust A2R44 for a 1 ,000V ± 0.005 V dc 
reading r»n 'he digital multimeter con- 
nected to the HP 400E/EL output. Then 
•amove both the 50dB precision at- 
tenuator and the HP 400E/EL from test 
equipment. 

r. Set the switch to position A, Set the func- 
tion generator to 100kHz and set its out- 
put as low as possible. 

s. Replace the .45V thermal converter with 
a 3 V (HP 1 1049A) converter. Then set the 
dc standard output to 3V. 

t. Measure the thermal converter’s output 
voltage as read on the digital multimeter 
connected to the converter. Note this 
voltage. 

u. Set the switch to position B. Adjust the 
output on the function generator until the 
thermal converter’s output voltage is the 
same as read in step t. 

v. Sei the HP 400E/EL to the 3V range and 
connect it to the “T” connector. 
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w. Adjust AIC2 for a 0.949V ± 0.004V dc 
reading on the digital multimeter con- 
nected to the HP 400E/EL output. 

x. Remove all equipment from the thermal 
converter. This completes the HP 
400E/EI. calibration procedure. If unable 
to perform any calibration, go to Table 
5-1! and determine if some factory 
selected components may need changing. 



NOTH 

The bias voltage at TP4 can affect the 
frequency response at low frequencies 
fie., IOHzand2QHz,etc.). The readings 
at 1GHz and/or 20Hz ore tow, decrease 
the voltage at TP4 but remain in the 8 1 
to 12V delimits. Make sure t/u high and 
low frequency response is good after 
readjusting the bias level. 



5-44. Calibration Procedure Using an AC Calibrator. 

5-45. This procedure uses an ac calibrator for 
calibration. However, since the calibrator frequency 
response goes only to 110kHz, use thermal con- 
verters to check and adjust inthe4MHzto tOMHz 
frequency range. If the thermal converters are 
unavailable, an oscillator that is Hat in the lk Hz 
to 10MHz frequency range can be used. The ab- 
solute output accuracy of the oscillator is unimpor- 
tant, but it has to be flat within ± .25°/o from 1kHz 
to 10MHz. 

5-46. Calibrate the HP 400E/EL using the calibra- 
tion points and adjustments listed in Table 5-5. Do 
the following: 

a. Set the HP 400E/EL to the.OIOV range 
and setup the ac calibrator for a lOmV at 
400Hz output. Setup the digital 
multimeter to measure de volts on 
autorangc. 

b. Refer to Figure 5-1. Connect the ac 
calibrator and digital multimeter to the 
HP400E/EL as shown in the figure. 

c. Adjust A2R38 for a 0.01V nO.lmV 
reading on the HP 400E/EL. 



d. Adjust R2 for a 1.000V ± 0.005V de 
reading on the digital multimeter con- 
nected to the HP 400E/EL output. 

e. Disconnect the ac calibrator from the 
HP 400E/EL and calibrate at 10MHz 
next. If you plan to use thermal con- 
verters, use the procedure in paragraph 
5-47. If you plan to use an oscillator, use 
the procedure in paragraph 5-49. Once 
the HP 400E/EL has been calibrated at 
10MHz, continue with the following 
steps. 

f. After the 10MHz calibration in either 
paragraph 5-47 or 5-49 has been per- 
formed, set the HP 400E/EL to the .001 V 
range. Set the ac calibrator for a IV at 
400Hz output. 

g. Connect a precision 40 dB attenuator bet- 
ween the ac calibrator and HP 400E/EL, 

h. Adjust A2R44 for a l .000 V ± 0.005V de 
reading on the digital multimeter. 

i. Remove the 40dB attenuator from the 
HP 400E/EL. Set the HP 400E/EI. to the 
3V range and setup the ac calibrator for 
a 3V at 100kHz output. Reconnect theae 
calibrator to the Model 400E/EL. 

j. Adjust A1C2 for a 0.949V ± 0.004V dc 
reading on the digital multimeter con- 
nected to the HP 400E/EI. output. 

k. Disconnect the ac calibrator and digital 
multimeter from the HP 400E/EL. This 
completes the HP 400E/EL calibration 
procedure. If unable to perform any 
calibration, go to Table 5-11 and deter- 
mine if some factory selected components 
may need changing. 

NOTE 

The bias voltage at TP4 can affect the 
frequency response at low frequencies 
fie., 10Hz and 20Hz> etc.). If the 
readings at lOflz uid/or 20Hz are low, 
decrease the voitage at TP4 but remain 
in the 8V to 12V dc limits. Make sure 
the high and lo v frequency response is 
good after readjusting the bias level. 









5-12 



Models 400E/400EL 



Section V 









5-47. 10MHz Calibration Using Thermal Converters. 

5-48. This procedure can be used to calibrate the 
HP 400E/EL at 10MHz while using the procedure 
in paragraph 5-45 to calibrate at 400Hz and 
100kHz. The IV (HP 11050A) thermal converter 
is required for this procedure. Do the following: 

NOTE 

The function generator /oscillator 
should have distortion levels below l %. 

This is important because the thermal 
converter and an average responding cir- 
cuit, like the HP 400E/EL, react dif- 
ferently to distortion. This could cause 
a reading/ calibration error. However, 
the distortion level is less critical at high 
frequencies (4 MHz and above) allowing 
the use of a function generator/ 
oscillator with higher distortion levels. 

a. Refer to Figure 5-2 and setup the test 
equipment to the following: 

DC Standard - IV Output with Output 
Off 

Function Generator * IV at 10MHz Sine 
Wave Output 

Digital Multimeters - DC Volts Function 
and Autorange 
Switch - Position A 

b. Except for the HP 400F/EL (it will be 
connected laic r ), connect the equipment 
as shown in Figure 5-2. 

c. Turn the dc standard output on. Measure 
the theimal converter’s output voltage as 
read on the digital multimeter connected 
to the converter. Note this voltage. 

r/YYYvmv*v 

FCAUTION; 

CUJUUUkJUAAA 

Turn the dc standard output off and set 
the function generator output to 
minimum before connecting to the ther- 
mal converter. Also, reduce the function 
generator output to minimum before 
changing the frequency. Any voltage 
above the rated input voltage of the 
thermal converter can destroy the con- 
verter. 



d. Set the switch to position R. Adjust the 
output on the function generator until the 
thermal converter’s output voltage is the 
same as read in step e. 

e. Set the HP 400E/EL to the .01 V range. 
Connect a precision 40dB coaxial at- 
tenuator between the HP 400E/E1. input 
and the “T” connector. 

I\ Adjust A2C28 for a 1.000V ± 0.04V 
reading on the digital multimeter con- 
nected to the HP 4O0E/EL output. 

g. Remove the 40dB precision attenuator 
from the HP 400E/EL and replace it with 
a 50dB precision coaxial attenuator. Set 
the HP 400E/EL to the .002 V range. The 
input voltage ti the Model 400E/EL 
should now be 3.!62mV. 

h. Adjust S2C2 for a 1.000V ± 0.04V 
reading on the digital multimeter con- 
nected to the HP 400E/E1. output. 

NOTE 

Check and make sure the HP 400E/EI. 
accuracy is good at ♦ 'Hz and 6MHz. 

The amplitude can be .owered at 4 MHz 
by moving A2C/1 and Cl 3 closer 
together. 

The bn V range at 4 MHz can also be ad- 
justed by dressing the white/orange / 
yellow wire connected between the se- 
cond attenuator and meter amplifier in- 
put. Moving the wire towards the deck 
lowers the response. To adjust, dress the 
wire until the reading on the HP 
400E/EL is 1.5 % high with the bottom 
cover removed. The reading should be 
good with the cover installed. See Figure 
6-3 for the location of the wire. 

i. Remove the test equipment from the 
HP 400E/EL. Continue with step e in the 
procedure in paragraph 5-46. 

5-49. 10MHz Calibration Using an Oscillator. 

5-50. This procedure can be used to calibrate the 

HP400E/EL at 10MHz while using the procedure 
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in paragraph 5-45 to calibrate at 400Hz and 
1 00k Hz. Do the following: 

a. Set the HP400E/E1. to the IV range and 
setup the ac calibrator for a IV at l kHz 
output (error range to zero). Set the 
digital multimeter to dc volts and 
autorange. 

b. Setup the oscillator fc r a IV at I kHz 
output. Do not connect it to the 
HP 400E/EL at this time. 

Connect the ae calibrator and digital 
multimeter to the Model 400E/EL as 
shown in Figure 5*1. 

d. Read the dc output on the multimeter and 
note the reading. 

e. Connect the oscillator to the HP 
400E/EL. 

f. Adjust the oscillator output to the reading 
on the multimeter noted in step d. 

g. Set the output to 10MHz. 

h. Connect a 40dR coaxial attenuator bet- 
ween the oscillator and the Model 
400E/EL. Then set the Model 400E/EL 
to the .01 V range. 

i. Adjust A2C28 for a 1 ,000V ± 0.04V 
reading on the digital multimeter. 

j. Remove the 40dB precision attenuator 
from the HP 400E/EL and replace it with 
a 50dB precision coaxial attenuator. Set 
the HP 400E/EL to the .003V range. The 
input voltage to the Model 400E/EL 
should now be 3.!62mV. 



k. Adjust S2C2 for a 1 ,000V ± 0.04 V 
reading on the digital multimeter con- 
nected to the HP 400E/EL output. 



I. Remove the test equipment from the 
IIP 400E/EL . Continue with step e in the 
procedure in paragraph 5-46. 



5-51. TROUBLESHOOTING. 

5-52. Use the following procedures if unable to test 
or calibrate the HP 400E/EL according to the per- 
formance test and calibration procedures. If the 
Model 400E/EL is c.tly slightly out of the specifica- 
tion limits that cannot be corrected by calibration, 
refer to Table 5-1 1 to select new component values. 
If the HP 400E/EL is inoperative or completely out 
of the specification limits, try the following: 

a. Check the instrument for any evidence of 
failed components, like burned com- 
ponents. Check for cracked printed cir- 
cuit boards or broken traces on the 
boards. Check for loose or broken wires. 

b. Isolate the failure to an area by using the 
instrument’s block diagram in Figure 4-1 
and schemadc in Figure 7-1. Then go to 
the appropriate troubleshooting pro- 
cedure for that area. Use Table 5-6 for 
some probable causes of specific 
symptoms. 



NOTE 



Unless otherwise noted, allow a 10 Vo 
tolerance for the test voltages noted on 
the schematic and troubleshooting pro- 
cedures. 
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Table 5-6. Troubleshooting Tips 





S VMM DM 




PKOII MtM 1R0HIH.I 


1 


Sit iCN|Miitf to input signal 


1 


1 use A2I 1 open Check power suppls voltages. Check AC signal 
according to Paragraphs 5-53 through 5 55 to isolate the area ol 
trouble. 


> 


low ID voltage at 1 1*1 hi l.ow 

li- Ultimo at IP2 


> 


Disconnect jumper wire Measure resistance to ground at both 
jumper terminals If 10 ohms on the meter side. Cln or Cl 1 ) is 
shotted, tf 100 ohms. C35 or l’2‘> is shorted, if zero Ch or C9 is 
shotted Disconnect R20 and K2b to isolate the hnjiedance 
Converter It low resistance is on power supply side refer to 
Paragraph 5 51 and table 5-7 


3 


t.im pain at lug! lrci|ucnvie% 


? 


Check A2C22 for open il Uff low. hit A2C3‘> and check tor 
oscillations, if no oscillations check A2(J) 5 and 1 o 


4. 


High pain at hijlh fre»|Uc|icies 


4 


Check A2C30 for an open. 


5. 


Low lull scale readings 


5. 


Check A2CRI 5 and A2CRI6 


o. 


Instrument will not taupe 
abuvv 1 volt but works OK at 1 
volt ami below 


h 


Relay AIKI stuck m closed jhis 'ion. 


7. 


Instrument will not tame 
below .1 vollvhut works Ol. on 
3 volt taupe am) above 


7 


Kcla;. K2 stuck in closed position 


N. 


1 1*3 voltape can not be 
adjusted property 


S. 


l.xtremc condition check A2<J5. On and Q7. Small variation 
change value of A2RIS*. (Refer to 1 able 5-1 1 1. 


9. 


TP 5 voltape can not be 
adjusted ptopetly 


•» 


AC output circuit Check A2QI5 and CJ 1 (» . Reter to Pjrapraj’l. 
5-5S and Table 511 


10. 


TP4 voltape can not be 
adjusted properly 


10 


Meter Amplifier Circuit. Check A2QH thru 013 


11 


TIM voltape vanes and meter 
needle wobbles 


11. 


Isolate by shorting A2CI7 to ground. Il voltage at IP4 still varies 
the trouble *s in the Meter Amplifier. Refer to Paragraph 5-54 ami 
table 5 -9. If voltage is constant the trouble is in the Impedance 
Cons er ter. Refer to Paragraph 5 55 and Table 5-h 


t:. 


Low line transients 


1 > 


Check A2Q3 and Q4. (if an old instrument change A20-J. A2R73 
and R74 to current jxirt number 1 Check A2CR2Uaud CR21 


i.i 


Transients on tanpe change ( 1 V 
to 3V> 


13. 


Match reveise resistance of A2CR9 and CRI0 Check S2CRI and 
S2CR2. Check relays. 


14. 


Peaking at SMI 1/(10' .) 


14. 


Isolate by disconnecting orange wire to switch Voltage at pm 21 
should be same as input. Refer to Paragraph 5-55 or 5-5o 


IS. 


Voltape shpJitly low on IrnV 
range 


IS. Change value of A2R72* I refer to Table 5-1 1 ) 


I<». 


l.ow voltage (10 and 2(lH/) 
near full scale 


Id. 


Check A2QI3 Change vain: of A2C31* (table 5-11) Check 
A2CI0 and C20 




5 53. POWER SUPPLY. 

5-54. Check with a digital multimeter at TP1 and 
TP2 for +26 volts and -26 volts respectively. If 
the TP voltages are improper, check the voltages 
listed in Table 5-7. If the voltage for a given com- 
ponent is wrong, the trouble is probably in that 
component or its associated circuit. 



Table 5-7. Power Supply Voltages 



COMPONENT 


VOLTAGE 


Collector Ql 
Collector 6- 
Eimitter Q2 
Rase Q3 
Collector Q3 
Collector Q4 


> 39V 

f 26.5V 
f 6.9SV 

- 0.6V 

- 23.5 V 
-39V 



:: 
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Model 400E/400EL 



5-55. AMPLIFIERS. 

5-56. Set the400E/EL to the I volt range, and con- 
nect a full scale input. With a sensitive ae voltmeter, 
monitor the ae amplifier output at the negative side 
of A2C34 or A2C36. The output should be l50mV. 
If it not l50mV, measure the ae voltage at A2 pin 
22. The voltage at pin 22 should be 3mV. If these 
two voltage readings are correct, the meter amplifier 
and meter bridge are operating properly. 

5-57. If the voltage at pin 22 is low, pull the 
wht/orn/yel wire from pin 22, and measure the ae 
signal at the wire. It should be 3mV. If the voltage 
on the wire is proper, the trouble is in the meter 
amplifier. If it isn't correct, the trouble is either in 
the Post Attenuator or the Impedance Converter. 

5-58. To check the Impedance Converter, measure 
the ae voltage at its output (A2 pin 21). The output 
voltage should be very close to the input voltage 
since the Impedance Converter is a unity gain 
amplifier. With a I volt input, the output should 
be 0,98 volts ±0.02 volts. 

5-59. Both the Impedance Converter and the meter 
amplifier are internally de coupled. If the de 
voltages anywhere in the amplifier are incorrect, the 
amplifier won’t operate properly. Consequently a 
check of the dc voltages is a good check of the 
amplifiers. 

5-60. Tables 5-8 amd 5-9 contain t lie dc voltages on 
all of the transistors in the meter amplifier and the 
Impedance Converter. If the measured voltage on 
a given transistor is wrong, the trouble is probably 
in that transistor or its associated circuit. 

NOTE 

Measure these de voltages with the input 
shorted . A dc voltmeter with low input 
capacitance and very high input resistance 
must be used . The HP Model 3450H is recom- 
mended. All dc voltages are ± 10 % except 
where otherwise stated. 



T it»le 5-8. Impedance Converter Voltages 



TRANSIStOR 


I 


It 


t 


05 


(S) ftV 


Kir 


It)) 14.6V 


Qft 


- 15.3V 


- 14.6V 


- 7.4V 


07 


• ft.A’ 


- 7.4V 


-21.5 V 


•Cannot be measured. 



Table 5-9. Meter Amplifier Voltages 



TRANSISTOR 


1 


It 


C 


OS 


09V • 20 a o 


19.5V * 20*o 


s 2*.5V 


o*> 


♦ 0.02V 


* 0.57V 


* 8.5V 


OI« 


* 8,2 V 


♦ 8.5V 


» 1.8V 


OH 


» 0.9V 


» 1.9V 


* 8.5V 


012 


* 9V 


♦ 8.5 V 


♦ 0.7V 


013 


f 0.7 V 


0 


- 4.6V 


014* 


♦ 3 V 


* 3.5V 


► 26V 


•In bridg 


e circuit. 







5 61. AC OUTPUT CIRCUIT. 



5-62. To check the ae output circuit, measure the 
dc voltages at the points shown in Table 5-10, If 
a given measured voltage is incorrect, the trouble 
is probably in that component or its associated 
circuit. 



Table 5-10. AC Voltage Output Circuit. 



TRANSISTOR 


I: 


u 


C 


015 


> 0.62 V 


f 1.3 V 


^ 5V 


Olb 


0 


* 0.62 V 


♦ 5 V 



I able 5-1 ’ describes the function of the factory 
selected components and gives instructions for their 
selection. Normally, these components do not need 
to be changed unless another associated compon u 
is changed. Replacement <j>f a transistor, for exam- 
ple, may require the changing of a factory selected 
component. 
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Table 5-11. Factory Selected Components. 





/ 



f 



COMPONENT 


1 UNCTION AND St 1 l.C TION 


AIR4* 


29 ohms to 45.3 ohms. Adjusts high frequency response on the 3 soli range. If readings are low, increase 
resistance. 


AIC24* 


None to 24pf. Adjusts the 8, Ml!/ and H>MH/ frequency response. Normally not loaded hut add to in- 
crease the readings at HMH/ and l«MM/. 

5pf 01600763 
I2pf «*l 40-0201 

24pf 016001% 


A2C3I* 


l-8/d to 2.7, ,| Adjusts the 1011/ and 2011/ frequency response on all ranges. A 1 capacitor is normal- 
ly installed. It the readings are low, install a capacitor in parallel with the 15/d capacitor. 

1.8/d" 0180 0101 

2.2/d- 0180-0155 

2.7/d- 0180 01 17 

15/. I 0IK0-I746 


A2C32* 


39pl to none. Changes the I0MII/ frequency response. 


A2R1K* 


36 kilohms to 68 kiloluns. Adjusts the bias level at A2Q5 due to variables in the 1 1 1. If unable to adjust 
the bias at TIM to -6 oils (i.e.. soltage too negative!, increase value of resistor R IK*. 


A2R22* 


549 ohms. Adjusts frequency response at 4MH/. If readings are low, decrease value of R22*. 

453 ohms 0698-3510 

402 oluns 0698-4453 

340 ohms 0698-4451 

294 ohms 0698-4448 


A2R50* 


2320 ohms to J320ohim. Adjusts low freque icy response on the ImV and 3mV ranges at 1011/ and 2011/. 
If readings are high, decrease value of RJt)*. May affect higl. frequency response. 


A2RSI* 


133 ohms to 187 ohnts. Adjusts frequency response at I0.MII/, 


A2R72* 


1 10 ohms to 182 ohms. Adjusts the range of the lm\ at 40011/ adjustment (A2R44). If reading is low 
and A2R44 is unable to bring within specifications, decrease resistance of R72*. 


A2R77* 


1.21 kiloluns. Adjusts frequency response at 1 •* scale at I0MH/. If *'» scale reading is too low at I0MH/. 
decrease value of R77*. 

715 ohms 0698-37(8) 

30 J ohms 0757-0410 


S2CI* 


l.2pl to 24pl". Adjusts high frequency response on the .01 V and 3V ranges. 


S2C2* 


8-50pI or 5-25pl ; . Adjust the frequency response on the .003V range at I0.MII/. 


52C4* 


1 .H/il- to 6.8/d", 35Vdc. Adjusts 1011/ frequency response on the ImV and 3m V ranges. If reading is low , 
increase capacitance. 



5-63. ADJUSTMENT OF FACTORY SELECTED COM- 
PONENTS. 

5-64. Certain components within the Model 
400E/EL are individually selected in order to com- 



pensate for slightly varying circuit parameters. 
These components are denoted by an asterisk (*) 
on the schematic, and the typical value is shown. 



L 
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>hp- Model 400E/EL 
AC Voltmeter 

SeruJ No. , 

1 Accuracy Check 




INPUT SIGNAL j 


Volt.tijn 


Frniurncv 


3 


30 V 


10 Hz 
400 Hz 
100 kHz 
1 MHz 
4 MHz 
10 MHz 



PERFORMANCE CHECK TEST CARO 

Ten performed by: 
Djte. 



SPECIFICATION 




10 Hz 
400 M/ 
100 kHz 
1 MHz 
4 MHz 
10MHz 



tO Hr 
400 Hr 
100 kHz 
I MHz 
4 MM/ 
10 MHz 



10 M/ 
400 Hz 
100 kM/ 
1 MHz 
4 MM* 
10 MM/ 



10 Hz 
400 Hr 
100 kHz 
I MHz 
4 MHz 
10 MHz 



INPUT SIGNAL 



F reuucnry 




10 Hz 
400 Hz 
100 kHz 
1 MHz 
4 MHz 



10 Hz 
400 Hz 
100 kHz 
1 MHz 
4 MHz 




3 00 » 0 16 
i 0 03 
t 0 03 
i 0 03 
t 0.09 
3 00 r 0.15 



1.00 i 0 10 
i 0.03 
i 0.03 
i 0 03 
» 0.06 
1.00 t 0.16 



1 00 t 0 05 
* 0.01 
* 0.01 
i 0.01 
10.03 
1 00 i 0 05 



0 30 t 0.03? 

i 0.01 
t 0 01 
i 001 
10.02 

0.30 i 0.032 



0.30* .015 

* .003 
t .003 
t .003 

* .009 
0.30 * .016 



.100 * .01 
t .003 
i .003 

* .003 

* ,006 

.100 * .01 



DC Output IV) 



0 949 1 0.047 

* 0 0047 
t 0.0047 

* 0.0095 

* 0.047 
0.949 t 0.047 



0 316 t 0.032 

* 0.0032 
l 0 0032 
i 0.0063 

* 0.032 
0.316 t 0.032 



1.00 1 0.05 
t 0.005 
t 0.005 
* 0.010 
* 0.05 
1.00 * 0,05 



0.30 i 0.033 

* 0.0033 
t 0.0033 

* 0.0065 
i 0.033 

0 30 t 0.033 



0.949 t 0.047 
i 0 0047 

* 0.0047 

* 0.0095 
t 0.047 

0 949 i 0.047 



0.316 i 0.032 
t 0,0032 
t 0.0032 
l 0.0063 
” 1 0 032 

0 316 i 0.032 



SPECIFICATION 



Merer Reading IV) 







DC Output IV) 



.001 * .00005 

1 * .00001 
i .00001 

* .00005 
.001 * .00005 



.0003 * .000032 

1 1 ,00001 
* ,00001 
* .000032 
0003 i .000032 



1.00 1 0.05 

I i 0.005 
t 0.005 
* 0 . 0 ? 
i 0.05 



0.30 * 0.033 



t 0.0043 
i 0013 



3 



INDICATION 



Meter I DC Output 




INDICATION 



VOO 


i 0.U5 




i 0.005 




t 0.005 




* 0.010 




t 0.05 


1.00 


i 0 05 



DC Output 
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SECTION VI 
REPLACEABLE PARTS 



61. INTRODUCTION'. 

6-2. This section contains information for order- 
ing replacement parts. Table 6-3 lists parts in 
alphameric order of their reference designators and 
indicates the description, -hp- part number of each 
part, together with any applicable notes, and pro- 
vided the following: 

a. Total quantity used in the instrument (TO 
column). The total quantity of a part is 
given the first time the part number 
appears. 

b. Description of the part. (See list of ab- 
breviations below.) 

c. Typical manufacturer of the part in a five- 
digit code. (See Appendix A for li. < of 
manufacturers.) 

d. Manufacturer’s part number. 



6-3. Miscellaneous parts are listed at the end of 
Table 6-3. 

6 4. ORDERING INFORMATION 

6-5. To obtain replacement parts, address order or 
inquiry to your local Hewlett-Packard Field Office. 
(See Sales and Service for list of office locations.) 
Identify parts by their Hewlett-Packard part 
numbers. 

6 6. NQN-USTED PARTS. 

6-7. To obtain a part that is not listed, include: 

a. Instrument model number. 

b. Instrument serial number. 

c. Description of the part. 

d. Function and location of the part. 



Table 6 1. List of Abbraviations. 
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Table 6-2. Coda of Manufacturers. 



Mfr. No. 


— 
Manufacturer Name 


Addrais 


00863 


Sanpamo Elec Co 


Pickens, SC 29671 


01121 


Allen-Bradley Co 


Milwaukee. Wl 53204 


01281 


TRW Semiconductors. Inc. 


Lawndale. CA 90260 


03292 


Corning Glass Work 


Bradford, PA 16701 


03877 


Tronsltron Electric Corp 


Wakefield. MA 01880 


03888 


Pyrofilm Resistor Co. Inc 


Whippony, NJ 07981 


04062 


Arco Electronic Inc 


Great Neck, NY 1 1022 


04200 


Sprague Electric Co 


North Adams MA 01247 


04713 


Motorola Semiconductor Prod Div 


Phoenix A2 85062 


05820 


Woketleld Engineering Inc 


Wakefield, MA 01880 


06486 


Kaur*-Kasch Inc 


Daton, OH 45401 


07263 


Fairchild Semiconductor Drv 


Mountain View. CA 94042 


07910 


Continental Device Corp 


Hawthorne, CA 90250 


11236 


Cts of Berne. Inc 


Berne. IN 4671 1 


14433 


ITT Semiconductor Div 


West Palm Beach FL 33480 


16299 


Elec Component Dtv 


Raleigh. NC 27604 


19701 


Mepco/Electra Corp 


Mineral Wells, TX 76067 


24446 


General Electric Co 


Schenectady. NY 12305 


26365 


Gries Reproducer Corp 


New Rochelle. NY 10804 


28480 


Hewlett-Packard Co 


Palo Alto. CA 94304 


56799 


Sprague Electric Co 


North Adams MA 01247 


70563 


Amperite Co, Inc 


Union City, NJ 07083 


70903 


Belden Mfg Co 


Chicago, IL 60622 


71400 


Bussmann Mfg Div 


St. Louis, MO 63121 


72136 


Electro-Motive Mfg Co Inc 


Willimantic CT 06226 


72982 


Erie Technological Products, Inc 


Erie, PA 16512 


73138 


Beckman Instruments Helipot Div 


Fullerton. CA 92634 


75042 


TRW Inc Philadelphia Div 


Philadelphia. PA 19108 


75915 


Littlefuse, Inc 


Des Plaines, IL 60016 


78189 


Illinois Tool Works Shakeproof Div 


Elgin. IL 60120 


78553 


Tinnerman Products. Inc 


Cleveland, OH 44141 


81856 


Kemlite Labortories 


Chicago. IL 60622 


82142 


Jeffers Electronics Division 


Du Bois, PA 1 5801 


82389 


Switchcraft. Inc 


Chicago, IL 60630 


83385 


Central Screw Co 


Chicago, IL 60622 


86684 


RCA Electronic Corp & Devices Div 


Harrison, NJ 07029 


90201 


Mallory Capacitor Div 


Indianapolis, IN 46206 


91418 


Radio Materials Co 


Chicago. IL 60622 


93332 


Semiconductor Div Sylvama Elec 


Waburn MA 02158 


95712 


Dage Electric Co.. Inc 


Franklin, IN 46131 
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Table 6*3. Replaceable Parts 




Replaceable Parts 
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Table 6-3, Replaceable Parts 



Reference 

Designation 


HP Part 
Number 


C 

D 


Qty 


— . 

Description 


Mfr 

Code 


Mfr Part Number 
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LEFTSIDE VIEW 



BACK VIEW 



Imle.x/Ret t’ 

Number I) Qty 



i 




HP Pari Number 


Description 


5060-0703 


Frame: Side 


2360-0194 


Scrs-v 6-32 .312 100 Deg. Po/i 


2360-0322 


Screw 6-32 .375 100 Deg. Po/i 


0370-0112 


Knob: Bar vs /one *rrow Black 


1 0370-0113 


Knob: Bar (lor Option 02 only) 


0370-0114 


Knob: Round Red (for Option 02 only) 


2360-0316 


Screw 6-32 .25 100 Deg. Po/i 


00400-05501 


Shield Box: Attenuator 


2360-0123 


Screw 6-32 .625 Pan Head Po/i 


00400-04101 


Cover: Shield Box lA(tcnuator) 


1 5040-4503 


Grommet: Insulator Plastic 


1510-0091 


Bdg Post-Assy (Grey/Red) 


1510-0107 


Bdg Post-Assy (Grey/Black) 


1510-0038 


Bdg Post-Single , 


1510-0090 


Bdg Post-Assy (Grey) 


2110-0564 


Fuseholder Body 


2110-0565 


Fuseholder Cap 


2110-0569 


Fuseholder Nut 


1450-0574 


Pilot Indicator 


1250-0118 


Connector BNC 


1251-2357 


Connector: Power Cord 


2101-1234 


Switch: r, ovver Selector 



Figure 6-1. Chassis and Mechanical Parts. 
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Index/ Kc 
Number 


C 

1) 


T 

0«y 


HI* Pari Number 


Description 


1 


5 


2 


5000-8565 


Cover: Side 




8 


8 


23600193 


Side Cover Screws: 6-32 .25 KM) Deg. Po/i 


- 


8 


1 


00400-64103 


Cover: Top will* Handle 




9 


3 


2360 0194 


Top Cover Screws: 6-32 .312 100 Deg. Po/i 




3 


3 


0590-0052 


Nut under Top Cover: 6-32 .5 Sheeimeial J 




1 


1 


1440-0048 


Sirap on Handle Assembly 








1440-0049 


Cap on Handle Assembly 




5 




1440-0050 


Handle Retainer 


3 


1 


1 


OO4OO-6O203 


Panel: Rear 


4 


3 


2 


5060-0703 


I rame: Side 


5 


1 


1 


5020-6852 


Meier Trim 


6 


1 


1 


00400-00217 


Panel: Prom (400L. and 400E Option 0|) 




6 


1 


00400-00220 


Panel: from (400UI.. and 400L1. Option 01) 


6 


3 


1 


0041*0- 00219 


Panel: Prom (400P Option 02) 


6 


7 


1 


00400-00221 


Panel: Prom (400l: i. Option 02) 




1 


1 


5040-0700 


Hinge: Till Stand 


8 


7 


1 


1490-0031 


Stand: Till 


9 


1 


> 


5060-0727 


Pout Asventblv 


10 


3 


I 


5000-8571 


Cover: Uottom 




9 


1 


2360-0194 


Pot. Cover Screw: 6-32 ,312 100 Deg. Po/i 




3 


J 


0590-0052 1 

_L 


Nut under Bottom Cover: 6-32 .5 Shimeta! J 



Figure 6-2. Cabinet Parts. 
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SECTION VII 
CIRCUIT DIAGRAMS 



7-1. INTRODUCTION. 



Ia\ «»ui to he u>cd I'm m.nnterieiiee .nut operation o t 
I lie 400 III.. 



70. Iliis .section coni. mis a schematic diaeiam. 
component locator, and a PC hoaid component 



7-.> An explanation ol lernts ami s>mho|s used as 
leteience desienaltus is given in the Schematic Notes. 





— SCHEMATIC NOTES 

1. partial reference: designations are: shown: prefix with 
ASSEMBLY OR SUBASSEMBLY DESIGNATION'S) OR BOTH I OR 

complete: designation. 

2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE 
NOTED: 

resistance: in ohms 
capacitance: in microfarads 

— — — — — — — DENOTES ASSEMBLY. 

1 DENOTES MAIN SIGNAL PATH. 

— * — ■— — DENOTES MAIN FEEDBACK PATH. 

4. ALL DC VOLTAGES ARE: +10.; EXCEPT THE BASE: AND EMITTER OE 
OS WHICH IS 120',;. 

5. * AVERAGE VALUE SHOWN. OPTIMUM VALUE SELECTED AT FAC I ORY. 

<>. ) REFER TO BACKDATING CHANGES IN APPENDIX C. 

7. ,£!& DENOTES WIRE COLOR USING STANDARD COLOR CODE 
(e.g. 918 = WHITE. BROWN. GRAY) 

X. i DENOTES POWER LINE GROUND. 

9. ^Ldenotes CHASSIS GROUND. 

10. DENOTES CIRCUIT G ROUND (ASSEMBLY). 
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Figure 7-1. 400E/EL Schematic Diagram and Location 
of Components. 
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SECTION VIII 
BACKDATING 

8*1. INTRODUCTION. 

8*2. This section has information to idapt this manual to HP 400E/ELs with serial number prefixes 
and/or serial numbers below the ones shown on the title page. If the component values or part numbers 
in your instrument are different than shown on the schematics or parts list (Table 6-3), and are NOT 
listed in this section, use the values and part numbers presently shown on the schematics and parts list. 

s -3. Use Table 8-1 to locate the change number{s) for those instruments with serial number prefix 
or serial number(s) different than shown on the title page. Select and make the appropriate manual 
changes from the change nutnber(s). Make the highest number change first. For example, for changes 
2 and 3, make change 3 first before making change 2. 



Table 8-1. Manual Changes. 



liiMrumcni 1’iefiV’Scrial Number 


Make Manual Changes 


4001: /LI.: 536-0010) thru 536-01000 


26.24.2 1.22. 18. 16. 15. 12 thru 1 


4001-./ LI.: 536-0)101 thru $36-01350 


26.24.22.21.18.16.15.12 thru i 


400L/LI : $3601351 thru $36-02403 


26.24.22.21. 18. 16. 15. 12 thru 3 


400L/LI.: 53602404 thru 536CM233 


26.24.22.21.18.16.15.12 thru 4 


400L/LL: 93604154 thru 53604X54 


26.24.22 thru 20.18.16.15.12 thru 5 


400L/LL: 53604X55 ihiu 53605503 


26.24,22 thru 20.18.16.15.12 thru 6 


400L/LI.: 53605504 thru 5360X383 


26.24.22 thru 20.18.16.15,12 thru 7 


400L/E1.: 5360X384 ihr i 53609153 


26,24,22 thru 20.18.16.15.12 thru 8 


400E/LL: 53609)54 thru 53609553 


26,24.22 thru 20.18.16.15.12 ihru 9 


400E/EL: 949-09554 thru 9494)9753 


26.24.22 thru 20.18.16.15.12 thru 10 


400L/EL: 0949A 11853 and Below 


26.24,22 thru 2D.I8,I6.>5.!2.II 


400E/EI.: All 


12 


400E: 0949A 11854 thru II3IAI2353 
400EL: 0949AI 1853 thru 1 131 A12603 


26,24.22 thru 20.18.16,15.13 


400E: IIJOAI2354 thru 1208A12853 
400EL: 1 1 50 A 12754 thru I208A 13003 


26,24,22 thru 20.18.16.15,14 


400E: 1131 AI2603 and Below 
400EL: II3IA12753 and Below 


26.24.22 thru 20.18,16.15 


400E: I208A07332 and Below 
400EL: I208A16379 und Below 


26.24,22 thru 20.18.16 
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Tabic 8*1. Manual Changes (Corn’d). 



Instrument Prefix/ Serial Number 


Make Manual Ounces 


■WOlir IUIAI2M.I thru I20KAIMIS3 


2ft.24.22 thru 20.18, 7 


400L: l20H\IK9ftK and Below 
4001:1.: Li)8Al88fiK and Below 


2ft.2 4 22 thru 20.IK 


4001: : H3lAJ2ftm thru l208A203ftH 
400EL: II3IAI2754 thru 
I208A20319 


2ft, 24.22,21. 19 


4001:: MJIAI2A04 thru I208A23H48 
4001:1.: II31AI2754 thru 
I208A23W8 


2ft.24.22 thru 20 


400E: I208A24I2K and Below 
4001! 1.: I20KA24IA8 and Below 


2ft, 24, 22, 21 


4001!: 1208 A 28933 and Below 
400EI.: 22I4A2900* and Below 


2ft, 22 


4001:: 1 131 Al2354 thru I208A28943 
4001:1.: II3IAI2WM thru 
22I4A290I3 


2ft,23 


400E: 1208A29I88 and Below 
400UI.: 22I4A29268 and Below 


2ft.24 


400E: I208A2H944 thru I208A29290 
400EL: 22I4A290I4 thru 
22I4A29428 


2ft.25 


400E: 1208A29333 and Below 
| 4.101: t : 22I4A29493 and Below 


2ft 





CHANGE 1 

The transformer mounting and pin receptacles are different for this change, and S2C2 is a fixed value 
capacitcr. If replacement of these components is required, use parts currently in f rts list. 

Section VI, Table 6*3 Changes. 

Use the following part number only to update this manual for instruments requiring Change I. If 
replacement of this part is required, use the part number presently in Table 6-3. 







C 




Rtf. Oru 


HP Pirt Mumbtr 


D 


Description 


S2C2 


01600181 


8 


30pF 2 5% Fixed Capacitor 



Section VII, Figure 7-1 (Schematic Diagram) Changes. 
Change the value of S2C2 to a 30pF fixed capacitor. 
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CHANGE 2 



Seel Ion VIII 



] part !" ! l : c 1 ?r lic ‘ ,b ! l ‘ ins,rumems ,s cl,a,1 l“<l i° one presently listed in Table 6-3 
and Figure V\ l BC/add Ai 01 lhc appropriate parts to the ones presently listed in Table 6-3 



Section VI, Table 6-3 Changes. 



Do the changes in Table 6-3 as shown In Table 8-2. 



Table 8-2. Make Changes to Table 6-3 (Change 2). 



Reference 

Designation 


HP Pan 
Number 


l' 

D 


Description 


Delete: 








A2C44 


0150-0050 


9 


CAPACITOR 1 XI) I000PI 600VDCW U R 


A2CR20 


1902-3222 


9 


DIODli-ZNR I7.4C ♦ 5«o 


A2CR2I 


1902-3222 


9 


DIODii /NR I7.4C ♦ 5 a o 


A2CR22 


1901-0025 


2 


DIODIi-OLN PRP Khl V 200MA 1X1-7 


A2R72 


0757-0402 


1 


RtiSISTOR NO 10p ,|25W 


A2R73 


068.'- 1525 


4 


RHSISI OR 1500 5*o .25VV 


A2R74 


0683-1525 


4 


RtiSISTOR 1500 5** .25W 


Change: 








A2Q3 


1853-0016 


8 


TRANSISTOR PNP 2N3638 SI 


A2Q4 


1 850-0064 


8 


TRANSISTOR PNP 2NII83 01: 


A2R16 


0683-8235 


7 


RtiSISTOR 82K 5°o .25W 


A2R44* 


0757-0284 


7 


RtiSISTOR 150 l°» .125W 


A2R67 


0683-3915 


0 


RtiSISTOR 390 5°o .25W 



Section VII, Figure 7-1 (Schematic Diagram) Changes. 

Delete: A2C44, A2CR20, A2CR2I, A2CR22, A2R72, A2R73, A2R74, 
Change: 

A2RI6 to 82k ohms 

A2R44 to 150 ohms lactory selected component 
A2R67 to 390 ohms 



CHANGE 3 

Section VI, Table 6-3 Changes. 







C 




Ref. Des. 


HP Part Numbs' 


D 


Description 


Change: 

A2C12 


01400194 


1 


1 lOpF z 5% Capacitor 


Delete: 

A2CR22 


1901-0025 


2 


Diode 


A2R67 


0757-0413 


4 


392 ohm Resistor 



Section VII, Figure 7-1 (Schematic Diagram) Changes. 

i 

Change the value of A2C12 to a IIOpF capacitor. 
Delete A2R67 and A2CR22 
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CHANGE 4 



The AI assembly with HP Part Number 00400-66502 had different locations for AIK! and K2 relay 
connections, Check your relay connections and order the appropriate relay part number according 
to location of relay terminals, as shown in Figure 8-1. However, the AIK1 and K2 relays with HP 
Part Numbers 0490-0195 and 0490-0196, respectively, are no longer available. If your A I assembly 
needs any of these relays, replace the complete AI assembly (HP Part Number 00400-66522). 



o 



o 



K 1 

0490 0195* 




Kt 

0490 0478 



K2 K2 

04900196* 04900343 



(Relay Bottom View) 
*No longer available 





Figure 8-1. AIK I and K2 Part Number (Change 4). 

CHANGE 5 

This changes the part numbers of A2Q5 and A2RI6. If Q5 needs replacing, replace both 05 and R16 
using part numbers presently in Table 6-3. 

Section VI, Table 6-3 Changes. 

Use the tollowmg part numbers only to update this manual for instruments requiring Change s. If 
replacement of Q5 is required, us* the part numbers presently in Table 6-3. 



Ref. Oh. 


HP Pm Number 


C 

0 


Description 


A2Q5 


ie55 0068 


4 


FET 


A2R16 


0683 8326 


6 


82k ohm * 6% Re. istor 




Sccli' .i VII, Figure 7-i (Schematic Diagram) Changes. 



Change the value of A2R16 to 82k ohms. 



CHANGE 6 

This changes the values and part number of A2R73 and R74. If noise is noted on the instrument 
replace the resistor values with the one presently in Table 6-3. 



Section VI, Table 6-3 Changes. 

Use the following part numbers only to update this manual I * instruments requiring Change 6. If 
replacement of any component is required, use the part number presently in Table 6-3. 



Ref. Des. 


HP Pert Number 


C 

D 


Description 


A2R73 


0683-4725 


2 


4.7k ohm 


i5% Resistor 


A2R74 


0683 4725 


2 


4.7k ohm 


r 5% Resistor 
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Section VII, Figure 7-1 (Schematic Diagram) Chanties. 



Change the values of A2R73 and R74 to 4.7k ohms. 



CHANGE 7 

Section VI, Table 6-3 and Section VII, Figure 7- 1 Changes. 
Delete A2R75 



Secticr VIII 



CHANGE 8 

Section VI, Table 6-3 and Section VII, Figure 7-1 Changes. 
Delete A2C*5 



CHANGE 9 



This changes the rear panel part number, power cord, and power cord connector. 




Section VI, Table 6-3 Changes. 



Rif. Has. 


HP Part Numbir 


C 

0 


Description 


J5 


12510148 


1 


Power Card Connector 


W1 


8120 0078 


6 


Power Cord 


MPIO 


00400 00202 


4 


Rear Panel 



CHANGE 10 

This changes the rear panel DPDT II5V/230V voltage selector switch. 



Section VI, Table 6-3 Changes. 



Rat. Dm. 


1 C 

HP Part Number i D 


Description 


S3 


1 

l 31010033 | 8 


Slide Switch 




CHANGE 11 

This changes the A2 assembly part number to 00400-66501. If the board is to be replaced, use the 
replacement board presently listed in Table 6-3. 



Section VI, Table 6-3 Changes. 



Do the changes in Table 6-3 as shown in Table 8-3. 
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Table 8-3. Make Changes to Table 6*3 (Change II). 



Reference 

Designation 


III* Part 
Number 


C 

t) 


Dewrip'ion 


Change: 

A2 

A2C28 

A2R17 

A2R3I 

A2RJ8 

A2R44 


00400-6650) 
0] 30-0016 
2100-0093 
2100-0092 
21 INI-0277 
2100-1836 


4 

8 

7 
6 
9 

8 


MAIN PC HOARD ASSFMIU V 
CAPACITOR- V 5-25 PI C'K-RKi 
RHStSTOR-IRMR 20K i 20«V COMP 
RtiSISTOR-TRMR I0K t 20«« COMP 
RESISTOR-TRMR 100 * 2() r o COMP 
RliSIS TOR* TRMR 100 ► 20°» COMP 


Add: 

MP27 


00400-00603 


9 


PC HOARD smt t.D 1 



Section VII, Figure 7-1 (Schematic Diagram) Changes. 



Change: 

12 to HP Part Number 00400-66501 
A2C28 to 5-25 pF 
A2R17 to 20k ohms var. resistor 
A2R3I to 10k ohms var, resistor 
A2R44 to 100 ohms var. resistor 

Section VII, Figure 7-1 (Component Locator) Changes. 

Use the component locator shown in Figure 8-2. 




A2 

hp Part No, 00400-66*01 

Key F. 



Figure 8-2. Component Locator for Change 11. 
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Section VIII 



CHANGE 12 



This changes the color of the instrument covers, panels, and trims 



. The older 400 series had blue covers 



and light grey panels. 

Section VI, Table 6-3 Changes. 



Do .he changes in Tabic 6-3 as shown in Tabic 8-4. Tabic 8-4 lis.s the covers and panels par. numbers 
for the older instruments with blue and light grey colors. 



Table 8-4. Make Changes to Table 6-3 (Change 12). 



Reference 

Dchignation 


HI* I’arl 
Number 


C 

l) 


Dc'criplion 


Change: 
Mi’ll 
Mi’ll 
Mi’ll 
Mi’ll 
Ml’ 12 
Ml* 18 
Ml’ 19 
Ml’20 


00400-00.01 

00400-00203 

00400-00204 

00400-00205 

5020-53KK 

00400-64102 

5000-0705 

5000-0711 


3 

5 

6 
7 
6 
7 
7 
7 


PANEL: I RON! (4001: AND 4001: OPTION 01) 
PANEL: I RON! (400EI. AND 400EI. OPTION 01) 
PANEL: FRONT <4<K)E OPTION 02) 

PANEL: FRONT (400EL OPTION 02) 

METER TklM: '/» MODULE 
COVER: TOP Willi HANDLE 
COVER: SIDE 
COVER* BOTTOM 



CHANGE 13 




This changes the \2 assembly part number to 00400-66511. If the board is to be replaced, use the 
replacement board presently listed in Table 6-3. 



Section VI, Table 6-3 Changes. 



Rtf. Ob*. 


I V 

HP Part Numbar ( D 


Deserlptian 


A2 


00400-C '51 1 6 


A2 Assembly 



Section VII, Figure 7-1 (Component Locator) Changes. 



Use the component locator in Figure 8-3. 
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A2 



hp Po>* No. 00* CO • 



Figure 8-3. Component Locator for Change 13. 



CHANGE 14 

The instruments for Change 14 had a 500 MF capacitor (Cl) across the output terminals with some 
instruments having an 470 MF capacitor for A2C37. Capacitor Cl is not necessary and can be removed 
(it caused a slow meter response). If this is dc ne, make sure C37 is at the value and part number 
presently listed in Table 6-3. 
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CHANGE 15 

This changes the A l assembly part number to 00400-66502 and the A2 assembly to part number 
00400-6651 1, It the boards are to be replaced, use the board part numbers presently listed in Table 6-3. 

Section VI, Tuhle 6-3 Changes. 

Do the changes in Table 6-3 as shown in Table 8-5. 



Table 8-5. Make Changes to Table 6-3 (Change 15). 



Reference 

Designation 


HI* Part 
Number 


C 

D 


Den Option 


Change: 








Al 


00400-66502 


5 


INPUI ATTENUATOR PC HOARD ASSEMBLY 


A 2 


00400-66511 


6 


main pc hoard assembly 


AIC 2 


0121-0407 


9 


CAPACITOR- V 0.7-3PI 5*>o 


A IO 


0140-014*7 


6 


CAPACI TOR-EXD 470PI 5 a 'o MICA 


AIK I 


0490 0194 


> 


RELAY-REED 


AIK2 


0490 0366 


0 


RELAY-REED 


A2R22 


069X-3510 


•» 


RESISTOR 453 .I25W 


Delete: 








S2CI 


0160-0205 


7 


CAPACITOR-1 XI) I0PL 500V 


S2C3 


0160-0205 


* 


CAPACI rOR-LXD lOPI 500V 


Add: 








A1C5 


0150-0093 


0 


CAPACITOR ! XI) .01 UF C l R 


AIC 6 


0150-0093 


0 


capacitor-1 xd .oiui clr 




Section VII, Figure 7-1 (Sche*;:.-» f .* Diagram) Changes. 



Change: 

AIC2 to 0.7-3 pF variable capacitor 
AIC3 to 470 pF capacitor 

AlCRI and CR2 to AICR5 and CR6 .01 MF capacitors, respectively 
AIR22 to 453 ohms 

Section VII, Figure 7-1 (Component Locator) Changes. 

Use the component locators in Figure 8-4. 





Figure 8-4. Component Locators for Change 15. 
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Section VIII 



Models 400E/4COHL 




hf> Port No.OO*»CO 

Figure 8-4. Component Locators for Change 15 (Corn’d). 

CHANGE 16 



Section VI. Table 6-3 Changes. 

Delete the following component from Table 6-3. 





1 


c 




Rtf. 0*s. 


HP Pin Rumbtr 


0 


Description 


A2RT2 


068 j T 2 rs 


9 


T20 ohm Resistor 



Section VII, Figure 7-1 (Schematic Diagram) Changes. 

Delete A2RI2 and connect the collector of A2Q6 directly to the base of A2Q7. 

CHANGE 17 

Section VII. Figure 7*1 (Component Locator). 

Delete the blue (6) jumper from the A l component locator. 

CHANGE 18 

This changes the cmdmg post assemblv hardware. 

Section VI, Table 6-3 Changes. 

Do the changes m Table 6-3 ai sho - *n ir. Table S-6 
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Model 400E/400EL 



Section VIII 



r 




Table 8-6. Make Changes to Table 6-3 (Change 18). 



Reference 

Designation 


HP Part 
Number 


c 

t) 


Dewriniion 


Change: 
MP4 
MP5 
At 1*21 
MP22 
MP23 
MP24 


50600634 

50600635 

0340-<WO 

0340-0086 

0)40-0091 

0340008? 


') 

0 

0 

4 
1 

5 


HINDI NO POST ASSEMBLY: RFI) WITH HARHWari 

rasr wr " 

INSULATOR: RF.AR DOUBLE 
INSULATOR: FRONT TRIP! L 
INSULATOR: REAR TRIPt 1 



Section VI, Figure 6-3 Changes. 



Use Figure 8-5 in place of Figure 6-3. 



I 



Figure 8-5. Make Changes to Figure 6-3 (Change 18). 



CHANGE 19 




This changes the part number of the A I assemble m rvunn c- , . 

m Table 6-3 is interchangeable with the 6651? boa d Twhf t lh *. b ° ard prcseml >' »««* 
listed in Table 6-3 for replacement ' ° ,hc parI numbcr for ,hc presently 



CHANGE 20 



This changes the part numbers of the AlKl and JO relavs if r? , • 

presently in Table 6-3. The older K1 with relay par number 0490 ol 94 nn l * PaCmg ’ US ? arI numbor 
is no longer available. If your Al Assembly needs’ 94 d u parl number 0490 ’ I0 -8 

AI Assembly /with HP Part Number 00400-660^) h h Pa ” numbers ‘ replacc lhc complete 
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Section Vill 

Section VI, Table 6-3 Changes. 



Model 400E/400EL 



Use the I ol towing part number only to update this manual for instruments requiring Chance 20, If 
replacement ot K2 is required, use the part number presently in Table 6-3. If replacement of K l is 
required, replace the complete A I Assembly (with HP Part Number 00400-66522). 



Rat. Des. 


HP Pari Number 


C 

0 


Description 


Change: 
AIK 1 


* i 

0490 0134 


2 


Relay 


A !K2 


0490 0356 


0 


Relay 


Add: 


0490 1028 


3 


Relay Coil 



CHANGE 21 

Section VI, Table 6-3 Changes. 

Change the following components in the table. 



Section VII, Hgure 7-1 (Schematic Diagram) Changes. 



Change: 

A2C18 to 1.8 MF 
A2R29 to 390 ohms. 



CHANGE 22 

Section VI, Table 6-3 Changes. 

Change the following component in the table. 



Kt/ 



< 



Rat. Des. 


HP Part Number 


C 

0 Description 


A2CI8 


01800101 


2 1.8 MF Capacitor 


A2R29 


0683 3916 


0 390 ohms Resistor 





| HP Part Number 


£ j 




Ret. Des. 




D 


Description 




00400 61602 


8 


Power Cable 



CHANGE 23 

rfc- FF 7* a PNf \! ransistor * and lhrec rcsis,ors fr0 ™ the meter bridge circuitry of the A2 
assembly. This change applies to 00400-66521 boards, Revision E and below. i 

Section IV, Paragraph 4-20 Changes. 

Delete paragraph 4-20 from the mat uai. 



u. * 



i 



7 



Section VIII 



Models 400E/400EL 



Section IV, Figure 4-2 (Meter Bridge) Changes. 

Delete A2Q17 and Q18, and A2R76 through R7H from the figure. 

Section VI, Table 6-3 Changes. 

Do the changes in Table 6-3 as shown in Table 8-7. 

Table 8-7. Make Changes to Table 6-3 (Change 22). 



Reference 

Designation 


HD Dart 
Number 


t 

D 


Description 


Delete: 

A2QI7 


1853-0010 


2 


TRANSISTOR DM* 


A2Q18 


1855-0093 


5 


TRANSISTOR JH;T N CMANNI:!. 


A2R76 


0698-3458 


3 


RESISTOR 100K 5*'® .25W 


A2R7? 


0698-3458 


7 


RESISTOR 348K I®’# .I25W 


A2R78 


0698-4411 


4 


RESISTOR 140 l«o .I25VV 



Section VII* Figure 7-1 (Schematic Diagram) Changes. 



METER BRIDGE 




Figure 8-6. Make Changes to Figure 7-1 (Change 23). 
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Models 400E/400EL 



Section VIII 



CHANGE 24 

This changes the value of resistor A2R63. If any one of transistor A2Q14, QI5, or 016 is replaced 
check the instrument's frequency response at 8 MHz. If the instrument is out of tolerance, try replac- 
ing A2R63 to the value presently listed in Table 6-3. 

Section VI, Table 6*3 Changes. 

Use the following part number to update this manual for instruments requiring Change 24. 



Ref. Oes. 


HP Pert Number | 


C 

0 


Description 


A2R63 


0757 0401 


1 


Change to; 100 ohms Resistor 



Section VII, Figure 7-1 (Schematic Diagram) Changes. 
Change A2R63 to 100 ohms. 




I 



[ 




CHANGE 25 



This change deletes capacitor A2C47 from the A2 assembly. This change applies to Revision F boards 



Section VI, Table 6-3 Changes. 



Delete the following component Iron the table. 







C 




Ref. Des. 


| HP Pert Number 


D 


Description 


A2C47 


0180 0100 


3 


4.7MF 35V Capacitor 



Section VII, Figure 7-1 (Schematic Diagram) Changes. 
Delete A2C47 from the figure. 



CHANGE 26 



This change deletes C5 and R 15 from the S2 
on the .003 V range, add C5 and R15 to S2 
Table 6-3. 



switch assembly. If non-linearity above I MHz is noted 
as shown in Figure 7-1. Use part numbers presently in 



Section VI, Table 6-3 Changes. 

Delete the following part numbers to update this manual for instruments requiring Change 26. 



Ref. Oes. 


HP Pert Number 


C 

D 


Description 


S2C5 


2257 


3 


10 pF 500V Capacitor 


S2R1 5 


06833035 


5 


30K ohm 5% .25W Resistor 
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Section VII* Figure 7-1 (Schematic Diagram) Changes, 

Delete S2C5 and S2R15 from the figure only to update this manual for instruments requiring Change 26. 
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ADDENDUM 



E9 MANUAL CHANGES 

-hp- MODEL 400E/EL 
AC VOLTMETER 

Manual Part Number 00400-90021 



Add the specifications table (Table 1-1> to the manual. 

Use table shown In Table CS*1. 

Table CS-l. Specifications 



Models 400E/400EI. 



Voltage Range. I mV lull scale to 300V full scale In 
i: ranges; dB scale -10 to *2dB. lOdB between 
ranges. 

Frequency Range; 1011* to 10MHz. 

Calibration: Responds to absolute '-erage value of 
applied signal, calibrated in rms solts. 

Input Impedance: 10 megohms shunted by less than 
25pF on the ImV-IV ranges jnd 10 megohms 
shunted by less than l2pF on the 3V-300V 
ranges. 

Amplifier AC Output; !50mV rms for full scale 
meter indication; output Impedance 50 ohms. 

I OH* to 10MHz OOSmV on the t mV range). 
Accuracy: ilOtf. 10Hz to 4MHz. 

AC-DC Converter Output: iVdc output for full 
scale meter deflection (linear output for Model 
400E/EL). 



Output Resistance 1000 ohms ±5'A 
Response Time: I second to wiihm 1% of final 
value or a step change. 

AC Power: 1 15 or 230 volts * |0'.^.4X n>440 (1/ 
10 watts. 

Temperature Range: 0 to +55' C (except where 
nr ted on accuracy charts). 

External Battery Operation: Terminals are provided 
on rear panel; posiive and negative voltages 
between 35V and 55V are required current dram 
from 50 to 75mA. 

Weight: 

Net: 6 lbs. (2.7 kg). 

Shipping: 8 lbs. (4 kg). 

Dimensions: 6-1/2 in. high. 5-1/8 in wide. || in 
deep (165. 1 X 130.2 x 279.4 mm). 



Models 400 E/4 OQEL 

Accuracy: t (% of full seal* ♦ % of Reading) 



Frequency 
500 k Hi 2 MHz 



l 12.5 * 2 51 




* 11.6 ♦ 1.51 



t 0.5 v 1.5) 



r 11.5 » 1.51 



t 0.5 ♦ 1.61 



iE||||5 

w/////y////w/j 



• 'Accuracy lor the 3 V rang* at 1/3 lull teal* and below, 6 MHz to 10 MHz it: t 13.75 * 3 75) 
TAccuracy appim to 1/3 full scale to lull scale only 



i iiijiuii i 

IPUttMIl 



IHMI4J-1B1 
ssimi 



* 0 * 1 ) 



t (0 5 *0.5) 



* (2.5 2.5) 



• 125 * 2.5) 



* II ♦ I) 



*»♦» t 10,25 ♦ Q,25)» >10.5*05) [ * 12,5 » 2.5) « 13.0 ♦ 20 ) 

1° V-30 .V [_ t 125 ♦ 25) t 1 1 » 1) t (0.25 » 0.25) * (0 .5 ♦ 0.5) * (26 ► 2.5) *13.5*3 5) 

100 V - 30 0 V ) *125 *2.5)) * (1 * I) * (0,25 » O.iiT" * (0.5 *0.6) * * 125 ♦ 2 5) 






'Accuracy applies lor ■ temperature ol I5°C to 40°C on the 1 mV to 1 V ranges only. 



Supplement A for 00400-90021 
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■ See Section VIII 
Manual Backdating Changes 



WARNING 



To help minimise the possibility of electrical Ore or' shock 
hn/onls, do not expose 'this ‘instrument 'to rein or excess 
moisture. 
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ItovtlilldWkard Company ccrtifm that Ms product men, s^^^ 

of other bprnatiaml Stamps Organization members* \ M 

;i WARRANTY \ ,‘i 

This Hewlett-Packard product Is warranted attain* def«t> in material aiul ssn r knianship I'or^ ' » I 

repair or replace produce which prove to be detective. , < 

sssasa: st s sr ,ss.sr»s'." 

shall pay Shipping charges, Unties, and taxes for products returned ip -hp from another country . 

«-ss»:avs^ 

SJSon or (he instrument, or software. or firmware will be uninterrupted or error Iree. 

LIMITATION OF W ARRANTY > 

spailicatioustlor the product, or improper site preparation or numiuianu., ^ 

PURPOSE. 

EXCLUSIVE REMEDIES ’ 

' SS=S==S= 

1 ■ l .. • assistance » , 

I * = ' , , • 

Product ’ maintenance women's and other customer assistance agreements arc available 
I for Hewlett-Packard products. > | 

1 ’ ' For any assistance, contact your nearest IMett-Faekard Sal\s ami Service Office. , 
Addresses pre provided at the back of \this manual. \ ! t > 
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, , SAFETY SUMMARY /-?. 

1 The following general safety precautions must be observed during all phases of operation, service, and repair of this 
instrument. Failure to comply with these precautions at' with specific warnings elsewhere in this manual violates 
safety standards of design,' manufacture, and intended use of the instrument. Hewlett Packard Company assumes no 
liability for the customer’s failure to comply with these requirements. 

GROUND THE INSTRUMENT. 1 

To minimize shock hazard, the instrument chassis and cabinet must fpe connected to an elec- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
thiee-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 

power cable meet International Electrotechnical Commission (IEC) safety standards. 

) ■ 

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE. . , ' 

• l i 

Do not operate the instrument in the presence Of Hummable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard 

t 

KEEP AWAY FROM LIVE CIRCUITS. 

i 1 t . 

! Operating personnel must not remove instrument covers Component replacement and internal 
adjustments must be made by qualified maintenance personnel.. Do not replace components 
with power cable connected, Under certain conditions, dangerous voltages may exist even wdh 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits, 
before .touching them, 

00 NOT SERVICE OR ADJUST ALONE. / 

> • 1 i _ i 

Do not attempt internal serWo or adjustment urcesssinotfier person, capable of. rendering first 
aid and resuscitation, is present. 

I ' 1 ^ ' . . 1 1 . . ^ 

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT. 

3ecauso of the danger of introducing .Additional hazards., do not install substitute parts or per 
' form dny unauthorized modification to the instrument Return the instrument to a Hewlett 
Packard Sales and Service pffice for service and repair to ensure that safety features are mam 
tainud. v , \ 

i i 

DANGEROUS PROCEDURE WARNINGS. ’ , 

’ i (. 

Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions'contained in the warnings must be followed 




: • 1 • J : k , 

Dangerous voltages, capable of causing death, are present in this instrument Use ex 
treme caution when handling, testing, and adjusting. ,, 




/ , 



Secte.ll l 



1001 11 ) 1)11 



i iihle 1-1 Speed iea lions 



- .Moiiciv 400 i-:.M00i-:t . 



■ V*>ll.ij*e Utilise; I mV full scale I" 3M0V tail scale in 
12 ranges. dll scale -l!)>to r2dli. i MdU between 
ranj'es. 

\ ■■ 

l rei|uency Range: loll/ to 10MH/. 

Calibration: Responds to absolute aVerage value ol ( 
applied signal. calibtated m rtns volts. 

Input Impedance: 10 megohms slmnted In less than 
25pl mi tiro ItuV-IV ranees and 10 megohms , 
slmnted by less Ilian I2p!' on' the : 3V-300V 

' r j 

ranees. 

i i ' > 

Amplifier AC Output: INOmV rms lot full scale 
ineter'i '.iHieahou: output impedance 50 'ohms, 
toll/ i.u loMM/t l05mVon the lmV ranee) 
Accuracy f Ml.- . 1011/ to 4M11/. 

t ! 

AC-DC Converter Output* IVde output lor full 
scat) dieter dellectton I linear output lor Model 
' -UKd/I.L). 



Output Resistance; 1 000 ohms ± 5 y 
Response lime: I second to within 1'- of final 
valuofor'a step change.- 1 

' i '■ . " •• 1 ' 

A^’ Power: I I 5 or }30 volts 1 MV'. IS to 4 10 II/. 

10 watts. ' , ' • , 1 ,■ 1 

t \ 1 

Temperature Range: 0 ! to t-55' CjCxcept where 
noted on accuracy charts) 

J 

- : / ( * 

C.Ntcrnal battery Operation: Terminals are provided 
1 on rear panel, positive and lieeative v'oltagcs 
between 35V and 55V are tetphnhl emten’idiaiu 
, from 50 to .75mA. , t 

i 

Weight: i , } ' 1 

. Net. u lbs. (2.7’ki*.) ( ■ ' } 

Shipping. 8 Ihs. (4 Kg). 1 

V » 

Dimemions: ^ » 1/2 u\. high. 5 I/-S m. wide. !l in 
deep ( ! <>5. t X I 30. 2; ‘t 270, 4 gull ) 



R.lltl)! 1 

.ool yj 
ooj v 
oi v ;i v 
to v ;m v 1 
1 00 i l .too V 



to 0/ 



Modiih 4GOE/400EL 1 i 
Accuracy: ’ (%of full scale *■ % of Reidimj) 

- ' 1 ; ' , 






) > 135 [ 2 4) 
t i:> *) - 35 ) 

* I? 6 1 
i ( 2 . 5-251 

i <?5. *• :? *»v 



no ib i sou kf) 2Aj0-- 

y (I » 0i | * 17 . h ’ * 5) . 



4MH/ 



m mh.' 



it M t » 0 ) 

■ t n - oi 
• * ( i * m 
l * 1 1 ► 0 ) 



r u !> i t 5) 1 

•»: (1.5 > t‘hj 
r (IT) * CO) 
mi r» *■ i fA 



W/////M/M 

\ i? 5 ) 2 . 5 ) 

• c> o * 2 i»* * 

< i:t 5 < 3,5) 

'// 

2 /! 



* * A<:»sh.ii:v f<y »h*- 4 Vf lull scale ari«t Iwloiv. ti MH.- in 10 MH; tv ) 1.1 75 V X#)). 

V Ai cm.icy .•■|if)tn , -i to, 1 .4 lull M .lU* ni lull n .ill* mily. i , , 



AC to DC Converter Output 



r M 



H.|rtije 

ooi yj - 

Aw v 

,oi v jv 
toy 30 v 

tOOV ,300 V 



10 H/ 



20 H.- 



iiuo H 



t 124 - .’ 5 i 
i 3.51 



» Ml "II 



i It ‘ l) 

* 12 5 - 3 51 i ft • !} 

i !*. l i * 3 51 t (I • t) 

t l?5 • g.51 
'' ' i ,, v 

‘Aceiii.jcy ii|i|>ii*>s l<u .t !• n;|;»:t.il>)*ii o* 4 5’ 0 to -10 Min itu* ! riiV in 1 V r.miji-j only 



, f i rtjiiiMU. V- 
» , 500 r H.- 



I (0 4 Mill 1 ' 

* (0 35 * 0 35)* 
'•r (0 35 -10 35)* 
,r O) 3b * 0 35) 
i tO 35 • 0 25) 



./ 



1 MH,' 



i t; - n . 

' tO 4 ' 0 5 ) 
* (05*0 5! 
' (0 5 * yt 5) 
I 10 5 ■ 0 5) 






It) 






* 03 5 * ; ? 5) 
- 42.5 ' 2.!>l 

* 12 5 * 3,5! 



(2 5 ► 3.5) 

i ' ’ 



t (3 0 • 3.0} 
i 13 5(4 5) 

Mmm 



MH/ 



N) 



<-'A, 




I 



Moiiou Ij ' , 1 ■>.. , s^u.mi 




? " SECTION I , 

< GENERAL INFORMATION 

1 , > ) r \ ' , .'I 

1*1. DESCRIPTION. ; '{ ' 17. OPTION 02. 

1 : , i ’ 1 . i j 

1-2. The -lip* Models 400 E 1 and 400 EL are ver- 1*8. Option 02 adds a relative reference adjust- 

sat lie ac voltmeters and dB meters. Both models ment to the 40GE/EL. The REL. REF. control 

can be used as ac to dc converters or wideband allows o, continuous reduction in sensitivity by a 

amplifiers.The Model 400E is primarily intended maximum of 3 dB in order to make relative 

for voltage, measurements, whereas the 'Model 1 . voltage or dB measurements. , 

400EL is primarily a dB meter. However, both 

meters indicate both volts and dB. The 400E has a 1 1 ■ 

linear ac scale with a logarithmic dB scale 1*9. Option 910. An additional Operating and 

underneath, and the 400EL has a linear dB scale Service Manual, Part Number 00400-90020. 

with a logarithmic ac scale underneath. Since the 

difference in scales is the only difference between ■ r 

the two instruments, this manual will use the term 1*10. INSTRUMENT AND MANUAL IDENTIFICA- 
400E/EL in reference to both' instruments. TI0N. 



1*3. Figure 1-1 shows both the Model 400E and 
the Model 400EL. Table 1-1 is a list of specifica- 
tions. , j 

> i . ' , ■ 






14. OPTIONS AVAILABLE 
1*5. OPTIONS 01 (4Q0E ONLY). 



1-6/ Option 01 places the dB scale uppermost for 
greater resolution when making dB measure- 



ments. 



Itll. Hewlett-Packard uses a two-section serial 
number. If the first section (serial prefix) of the 
serial number on your instrument docs not agree 
with those ou the title page of this manual, change 
sheets supplied with the manual will define the dif- 
ferences between your instrument and the Model 
400E/EL described in this manual. Some serial 
numbers may have a letter separating the two sec- 
' tion., of the number. This letter indicates thecoun- 
1 try. in which the instrument was manufactured. 




\ 



AC VOLTS (p«*akl 



Maximum OmloutJ: At' Mucvvavc* voltages input to 
ilic I mV tlumijih I V ritupcs must nJit exceed 
ilk* valne.vhlntwn: 



FREQUENCY (Hi) 


*00 ■ • - no 


AC *inuwnvu» input to thu 3 V 
through 300 V ratio's mutt not 
itxoMJtl 600 V mis. , 




Tint limit of 300 V ifc mutt not 
bo irxciaskd on any range. 
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SECTION II 
INSTALLATION 



" I : I 



24. INTRODUCTION. t 

2*2. ;riiis section contains .information ami instrue* 

' lions' necessary lor the installation ami shipping of 
the Model 4001: and 400l:L Voltmeters. Included are 
initial inspection procedures, power and grounding 
retpiiremems, installation jn formation, and instiuc-- 
lions for repackaging for shipment. 

2*3. INITIAL INSPECTION. 

24. I his Instrument was carefully inspected both 
mechanically and electrically before shipment! It 
should be physically free of mars or scratches and in 
perfect electrical order upon receipt. To confirm this, 
the instrument should be inspected fpr physical 
damage in transit. Also check for supplied accessories, 
and test the electrical performance of the instrument 
using the procedure outlined in Paragraph 5*7. It 
j^thcre is damage or deficiency, see the warranty on the 
Biusidc front cover of this manual, 

2*5. 'POWER REQUIREMENTS. 

1 2-6. The Model 4(K)i:/i:L can be operated from any 
source of 115 or 2.10 volts at 4H to 440 11/ or front 
two 35 to 55 volt batteries connected to the rear 
panel RATTPRY terminals. The 1 15/230 V slide 
switch on the rear panel selects the desired line 
voltage. Power dissipation is It) watts maximum. 



. KAUTlONj ■ 

) 

He fore applying ac power to the. 4001: or 
he snri> it is set for the proper line volt- 



27. POWER CORDS. 

2*S. figure 2-1 illustrates the standard power plug 
configurations that are used throughout the United 
States and in other countries. I he *!ip* part number 
directly below each drawing is the part number lor 
a 400 1 '71-1. power cord equipped with a power plug 
■ of that configuration. If the appropriate power chrd 
is not included with the instrument: = notify the 
^nearest dtp* Sales and Service Office --and a, replace* 
Rnent eofd will be provided. . i, , 






Bt 20 1 703 



( # 

8120-0696 



136V -• 6A* 



,\y A 

B t 20- r 692 



• ; 3MV fiA* i 



i '*-‘'4 '** 

> 8 1 20-0698 



8120-1621 ' auu uoao ( • 

*UL II5TCO U5E IN THE UN*TE0 StAtfSOE AMEHlCA ' ) 

, , ' 

I : igurei2*l. Power Cords J 

2*9. GROUNDING REQUIREMEN fS. 

) 

2*10 To protect' operating personnel, the Rational' 
lileetrieal ^Manufacturers* Associntlon ‘ |N1.\IA) 
recommends that the instrument panel uud cabinet he 
grounded. All Hewlett-Packard instruments 1 ' are 
equipped with a t)iree-conduijlbr pov.vr cable which, 
when plugged into an appropriate receptacle, grounds 
the instrument. The offset pin on the power* cable 

three-prong connector is the ground winy 



WARNIN^J 

f-'or t ipcrator protection during battery opera- 
tion, owned chassis terminal (MP2n) to earth 
, * ground. • 

2-11. INSTALLATION. 

M2. The Model 4U0P/PL is fully transistorized ; 
therefore, no special cooling is reijdited. However, the 
instrmpent should not he operated where the ambient 
temperature exceeds 55° C (131 I ) or the relative 
humidity exceeds ‘)5'.*\ 

2-13. BENCH MOUNTING. 

2- 14. lire Model 4U0P/PC is shipped with plastic 
feet and tilt stand in place, ready for use as a bench 
instrument. 1 



, \ 





i 



I ■ 



See I in 1 1 II 



i 



Mallei 40UE/EI. 



2-15* INSTRUMENT CASE. ! 

1 - 

2-16* The TOOE/El- can he. placet! m u nigged, high 
impact plastic cake (4»p- II076A). The instrument 
can be operated, stored or curried in' iliD splash-proof 
case', A dual purpose tilt stand’ also serves as a cat ty- 
ing handle, Storage space is 'located at the rear of t he 
lease and in (he front lid. 

- ■■■:■. ' ' ' / . • 

2-17. RACK MOUNTING. > 

2*1 S'. Th^ Model 4U0E/EL may be rack mounted by 
using an adapter, frame (-Up- Part No. 5060-0797). 
The adapter frame is a racfc lrame that accepts any 
combination of subnmdular units. It can be rack 
mounted only, for additional information, address 
inquiries to your dip- Sales ami Service Office' (See 
’Appendix II for office locations.) * 



NOTE 



iff the instrument is nr be a hipped to Hewlett- 
Packard for servtd or repair, attach a tag to the 
‘ i instrument identifying the owner and indicating 
the service or repair to .< be accmiiplishcd; 1 
o Include the nun! el number and fill serial nitm- l '\ 
her of the instrument . In any correspondence. 
Identify the' instrument by model number, > 
! s<. 'vial manner, and serial (inn t her prefix, 

I i ' . ■ ; 

2-23. , If original' container is to 1 he used, proceed as 
follows; , i , 

.• ; s ... • V ’ ’ 

a. Place instrument in original , container i If 
available. If original container is not availa- 
ble, a suitable container can be purchased 
i'i from your nearest -lip- Sales and Service 

, Office. 



)• 



2*19. COMBINATION MOUNTING. 

2-20. The Model 40UE/HL may he mounted in ' 
coi'lbination with other submodnlat units by using a J 
Combining Case (-lip- Model 1051 A or H)52A).Thc 
.Combining Case is a lull-module unit 'yiiich accepts 
. various combluutiims of suhmodular units. Being a ' 
full-nodule unit the combining Case can be bench or 
rack mounted 'and is analogous to any full-module 
instrument. 

2-21. ’ REPACKAGING FOR SHIPMENT. 

) 

2-22. The following paragraphs contain a general 
guide for repackaging of the instrument for shipment. 
Refer to Paragraph 2-23 if the original container is to 
be used: 2-24 if it is not. If you have any questions. . 
col tact your local -lip- Sales ami Service Office. (See 
Appendix I) for office locations.) 



b. Ensure that container 'is yvell sealed with 
strong tape or metal hands , 



2-24. If original container is not to be used, proceed 
as follows: ‘ ' \ 



a. Wrap instrument in heavy paper or plastic 
before placing in an inner container,! 






b. ’ Pl.-ce packing material around all sides of 
instrument arid protect panel face \fith card- 
• hoard strips. • ) 



Place instrument arid inner container in a 
heavy carton or wooden box and seal v, (h 
strong tape or metal bands, - ./ : , 

, / 

Mark shipping container with "DELICATE 
INSTRUMENT;* "PR AGILE," etc. 
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SECTION III 

i • . 

OPERATING INSTRUCTIONS 
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34. INT RODUCTION. 

~ ' » 

3-2. The Mo«) el 4001;/ EL Is primarily an wj voltmeter 
and dll metei'i but it can be used as an ac >> dc 
converter or as a wide band amplifier. ! , v 

i : 

3-3. Thb section , i explains the controls ol the 
400l:/liU and VmMines the operating procedures ior 
each mode of operation. . t 

3-4. [jnCftTION OF CONTROLS AND 

INDICATORS , 1 

! 1 ' ; 

3-5. Figure' 3*2> shows the location of each of the 
4Q0U/EL controls and explains the function of each. 

3-6. nPFRATING INSTR UCTIONS. , 

3*7. STANDARD 40QE/EL. 

3*6. AC Voltmeter. 

t Table 3*1 . Effect of Distortion on Average 
, Responding Meter , , , 



Harmonic 


r /c. Distor*'on 


' Yc ERROR , 
{* Fundamental) 


Max. 

Positive 


Max. j 
Negative 


Any 


0.1 


0.000 




even 


0.5 


0.00 1 






1.0 


0.005 






2.0 


0.020 




Third 


0.1 


0.033 


0.003 




0.5 


0.168 


0.167 




1.0 


0.338' 


0.328 




2.0 


0.687 


0.667 


Fifth 


0.1 


0.020 


0.020 




0.5 


0.101 


0.099 


; 


1.0 


0,205 


0.195 




2.0 


0.420 


1.380 


1* ' Depends on phase relationship between 


, i harmonic and fundamental. 





b.’ 



NOTE 

Since the 400U,Uil. Is average 1 
responding and rins calibrated, any 
distortion will affect the accuracy 
of the measurement. Table 3*1 
■ shows the errors caused by 
distortion. , 

Ensure that 1 15/230 V ue slide switch on 
the rear panel matches line voltage used, and 
conn ct power to the>instrmnent. Mechani- 
cal'/ zero the instrument using the proce- 
dure outlined in Paragraph 5*5. 

To operate I fie Model 400E/FE with b.i’weiy 
power, connect two 35 t»> 55 volt hatferies 
as shown in Figure 3*1 . Since the front panel 1 
LINE switch has no effect during battery 
operation, the switch in Figure 3*1 can be 
as a convenient -method of diAon* 



op 

used 



Meeting the. batteries when the instrument is 
not in use. Two 35 volt batteries wilt deliver 
approximately 75 mA and two 55 volt 
batteries will deliver approximately 50 mA. 



j i , 




I'or operator protection during haiicry open; y- 
non, connect chassis terminal earth'* 

yround .V > 1 1 > ' 



c. Turn line ON toggle switch to up txis'non. 

LINE lamp will glow. 5 

d. Select approximate range of signal to be 
measured. 



CAUTION 

CAJUUUUULAJkJ-A 

/ ),> not apple autre than .5 00 volts ac tit inpur. 
Do not overload the .00! through I volt maxes. 
Ci insult Table 1-2 for overload limits. If ai'v of 
these overloads are exceeded, the instrument 
mav he damaged. ; 



3*1 



1 
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0 4001: Scale: Indicates, magnitude of applied 
signal in volts and dll, Option 01 places tfc , 
dii scale, uppermost for greater resolutioil. 
Odllm " I mW in 600 ohms. 

i 0 400I:L Scale: Indicates magnitude ol applied 
signal in volts and dB. 1)11 scale is linear, and 
voltage scales are logarithmic, This 
arrangement allows better resolution for dll 

1 reading. Odllm - I mW in 600 ohms. 1 

0 AC INPUT: UNc'iuput jack connects Signal 
1 to be measured. , 

1 . i 

0 RHL. REE Adjust (Option 02): Varies 
indication on meter by 3011. Cully clockwise 
ABSOLUTE position retains full meter i 
indication. This control is used to vary meter 
indication with a given input in order to 
make relative readings easier. 

0 RANGE Selector : Selects full scale reading 
of meter. * Dll reading on scale adds / 
algebraically to dll setting of RANGE 
selector. 

0 Line ON Toggle Switch: Applies primary 
power. 1 



, 0 LINE Indicator Lamp: Indicates application 

, of primary power. 

i 

0 I'USE: 1/8 A. Protects instrument against 
current overload. 

0115/230 Volt Slide Switch: Selects 115 or 
230 volts ac for line operation. 

©PRIMARY POWER CONNECTOR i; Une 
voltage is applied through this connector. 

© AC OUTPUT: Ac amplifier output. Output 

, , impedance is 50 ohms, 

© DC OUTPUT: Ac to dc converter output, Dc 
voltage is proportional to percentage of 
meter deflection. Output impedance is 1000 
ohms. 

i 

,© BATTERY VOLTAGE Terminals: 400E/EL 
may be powered by connecting two 35 to 55 
volt batteries to these terminals. 

© CHASSIS TERMINAL: Chassis ground con- 
nection for batjery operation. 



Eigure 3-2. Location of Controls and Indicators 



3-2 
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BATTERY VOLTAGE 
+ * 

35-55 (35—55 

VDO VDC 




' » . 



;■ 

B2 81 i 
(35- 55V) ( 35-55V) 



4001/SL-B-04B1 



Figure 3-1 . lixtcrnul Mattery Connection 



e. Connect signal to be measured to INPUT 
terminals* and read the ms voltage on the 
| scale, i ' ■, ; [ 

3-9. DB Meter, 

, a. To make a dB or dBm measurement, follow 
! steps a through e in Paragraph 3 8, and add 

1 the scale reading to the RANCH setting. For 

example: If the scale reading Is >1.5 arm the 
• RANGE Is -30dB, the final measurement is 
-28.5dB. 

b. The 400H/HL dB scale is' calibrated in dBm. 
OdBm is equivalent to 1 milliwatt dissipated 
by a 600 ohm load. Consequently, any dBm 
measurements must be made across a total 
impedance of 600 ohms. Measurements 
acros , other impedances will be in dB, but 
not dBm. 



c. To convert a dB reading to dBm. use the 
Impedance Correction Graph (Figure 3-3). 
For example; To convert a >30dB reading 
made across 50 ohms to dBm, locate the 
load impedance on the bottom of the graph. 
Follow the impedance line to the heavy 
black line and read the meter correction u.\ 
that point. The correction for 50 ohms is 
>IQ.5dBm, and the corrected reading is 
■M0,5dBm. 



3-10. Ac to Dc Converter. 



a. Follow steps a through e In Paragraph 3-8. 

) 

) i 

b. Connect the rear panel DC OUTPUT 
terminals to a dc measuring device with a 
liigh input impedance. 1 The dc output 
resistance is 1000 ohms: and if it is loaded, 
the dc output signal wot be inaccurate. 



e.'Thc do output is a 0 to 1 volt signal 
proportional to the percentage of 400F/HL 
meter defied Ion, 

ii 

3-11. Wide Ijland Ac Amplifier. 

u. follow turnon steps a through c in 
Paragraph 3-8. 

b. Select approximate range of input on 
KANG Li switch. 1 

5 i .1 

c. Connect SIGNAL to he amplified to INPUT 

terminals. < ■ 

d. When using an ae power source, ground 
loops can le eliminated by connecting the 
40017k: L to an adequate isolation (raiisf- 
former. This will open tli » power line ground 
circuit as shown in Figure 3-3. 




Figure 3-3. Isolation Transformer. ' 

NOTE 

Place a t kilolun shielded load 
across the DC OUTPUT, if it is not 
being used, when using the AC 
OUTPUT. This is especially 
necessary on low ranges. 

e. The gain Of the amplifier depends on the 
RANGE selection. On the 0.1 volt range and 
below, the 400H/EL amplifies the input; and 








oil the 0.3 volt range and above. it 
attenuates the input. On the 0.001 volt 
ranges, the maximum output U 1 05 mV. On 
all other ranges, the maximum output is 
1 50mV. Table 3-2 shows the ae amplifier 
gain for each range setting. 



Table 3-2, AC Amplifier Gain 



RANGE 


chyiN 


RANGE 


GAIN 

> ' 


0.001 


+40dB 


1 1 


•lOdll 


0.003 


+34dB 


3 


-26dB 


0.01 


i24dli 


10 


*3 OdB 


0.03 




30, 


4 OdB 


O.t 


MdB 


100 


-5 OdB 


0.3 


•OdB , 


300 


•OOiIb 

l , 
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3-12. 4Q0EWITH OPTION 01. 



3-13. Operation of the 400L- with Option 01 is 
essentially the same as operation of the stariU;U'< 
400U; The dB scale r-'jidi from -15 to +2 instead of 
from *12 to +2, and is placed at the top of the scale 
lor better reso'-jtion. ! ' 



344. 400E/EL WITH OPTION 02. 

3-15. Option, 02 4dds a, relative reference adjustment 
to the 400E/HL This adjustment .hllows a meter 
indication to be varied by 3ifB. Use the KBL HLT : 
adjustment to set 1 the meter at any convenient 1 
reference {OdB for example) in order to make relative 
readings easier. When the Kl;L. K lil* adjustment is In, 
tin fully clockwise ABSOLUTE position, it has no, 
effect on the meter accuracy. 

3-16, ,1a all other respects, operation of a Option 02 
instrument is, the same as operation of a' standard 
Model 4001-/L L , ' 
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figure 3,4. Impedance Correction Graph. 
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SECTION iv 



. 1 ' 

THEORY OF 

.r 

\\ 44. GENERAL 

4 . 2 . The 400E/EL Is a solid state, average 
J responding, 1 rms : calibrated voltmeter. It also has ; 
applications as an ac to dc converter and a wide band 
umj lit'ier. Figure 44 shows a simplified block 
diag-am of the instrument. 

' 4 . 3 . When relay Kl is closed, the input is not 
attenuated; when Kt is open and K2 is closed, the 
input is attenuated by 50 dll. On the 0.00! through 1 
volt ranges, Kl is closed and K2 isopen. K2 is closed 
and Kl isopen on the 3 through 300 volt ranges, l he 
entire Input Attenuator assembly is shielded, and the 
relays are operated remotely by voltages applied 
through the RANGE switch. Variable capacitor AIC2 
is adjusted on the 3 volt range with a 3 volt 100 kHz 
input in pi -r to shape the frequency response of the 
Input Attenuator. , 

44. The signal from the input attenuator is applied 
to the impedance converter. The impedance converter 
is a unity gain, feedback stabilized amplilier that 
matches the high Impedance of the Input Attenuator 
to the much lower impedance of the Post Attenuator. 

4-5. The Post Attenuator attenuates the output ot 
the Impedance Converter by lOdl) for each step of 
the RANGE switch. On the 3 volt range, the Post 



OPERATION 

Attenuator is switched back to the 30dB position, 
and then it attenuates lOdB per step on the higher 
ranges. Variable capacitor S2C2 is adjusted on the 
1 .003 volt range with a 3mV, 8 MHz input to adjust the 
it 8MHz response of the ,003 wit range. With a full 
scale input on any range except the .001 volt range, 
the output of the Post Attenuator should be 3ipV. 
On ilj.;- ,001 volt range, the output should be ! mV, 

4 6. The Meter Amplifier is a four-stage, high-gain 
amplifier utilizing both ac and de feedback for gain 
stabilization. The Meter Bridge, connected intheac 
feedback path of the meter amplifier, converts the ac 
output of the amplifier to a dc voltage proportional 
to its average value. This dc voltage drives the meter. 
A2C2B and A2R38 adjust the gain of the amplifier so 
that the meter will read rms volts. A2R38 is adjusted 
at 400Hz,.md A2C28 is adjusted at 10MHz. 

4-7. The DC Output is a 0-1 volt level that is 
proportional to meter deflection. R2 is adjusted to 
calibrate the dc output. The AC Amplifier samples 
the tie feedback and generates 0 to ISOmV ac output 
that is directly proportional to meter deflection. 

i 1 

4 8. SCHEMATIC DESCRIPTION. 

(See Figure 7-1). 1 

4-9. IMPEDANCE CONVERTER. ■ 
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figure 4*2i Meter Bridge 



4*10, The impedance co 'v *rter. located on the main 
voltmeter board (A2). matches the high impedance of 
the input animator to the relatively low impedance 
of the Post Attenuator, Breakdown diodes A2CR17 
and A2CKIK bias ivodes A2CR‘> and A2CR10at + 5 
and - 5 volts -.\>pe-. lively. A2CR‘> and A2CRI0 limit 
the input to 10 volts peak-to-peak, providing overload 
protection. Breakdown diodes A2CR20 and A2CR2I 
stabilize the bias voltages on A2Q5, Fuse A2R 
protects the instrument against desMictive overloads, 



4-11. A field-effect trnsist or (A2Q5) is used in the 
input stage of the impedance converter because of its 
characteristically high input impedance ami good 
frequency response. A2R17 adjusts the do biasot the 



> 

impedance converter. The output is taken from the 
emitter circuit of A2Q7 and applied to the post 
attenuator and then applied to the meter amplifier. 
Tho solid black lines on vac schematic show the signal 
path, and the broken lines show the feedback paths. 

4-12. METER AMPLIFIER. 

4-13. The meter amplifier amplifies its input signal 
by a fixed gain n all ranges except the .001 volt 
range. The amplifier itself is a four-stage , do coupled 
amplifier with a cascade-coupled final stage (A2QI2 
and \2Q13). DC feedback is coupled from the 
emitter of A2QI2 back l«> the base of A2Q‘>. 
Breakdown diodes A2HU2, A2CR13 and A2CRI4 
establish fixed do bias levels in the amplifier. 



4-2 
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4-14. The output from the collector of A2QI3 is 
coupled through the Meter Bridge and led hack to the 
emitter of A2Q*), A2C28 in the feedback circuit 
adjusts the amount of feedback at the high end ol the 
frequency range, and A2R38 adjusts the leedback at 
tire low end This calibrates the amplifier gain at both 
ends of the frequency range. A2IM4, 45 and 72 are 
switched Into the feedback circuit on the 0.001 volt 
range, boosting the gain on that tauge. A2K44 adjusts 
the gain on the ImV range with a 40011/ input. 
A21UI adjusts the dc bias level of the amplifier. 

4-16. METER BRIDGE. 

440 . figure 4-2 shows a partial schematic ol the 
Meter Bridge. The meter bridge rectifies the ue 
amplifier output and supplies the dc current to drive 
the meter. In order to use part ol the meter bridge 
output as the rear terminal dc o.Tput, the meter has 
to be referenced to ground. Transistor A2QI4 
references the meter to ground. 

447. During the positive half cycle. A2CUIS 
conducts. Bart of the current (solid line) goes through 
A2CJ4 into the feedback path, and part of the 
current goes through A2K53 and the meter to 
ground. The current through A2R53 turns on 
A >01 4. and A20I4 draws current from the positive 
supply, 'flic current from A20I4 goes through 
A2C36 int4> the feedback path. The current through 
A2QI4 and A2C\Jo is equal to the current drawn 
through the meter, so the current out of the bridge is 
equal to the current into the bridge, 

448. During the negative half cycle. A2CUI6 
conducts and draws current from the feedback pat It 
(dotted line), Bart of the current goes through A2C36 
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and A2CR16 auto the amplifier, and part goes 
through A2U53 and the meter to ground. The current 
through A2H53 tutlts on A2Q),4. and the current 
from A20I4 goes through A2R54 and A2CR16 to 
the amplifier. Again the current through the, meter 
equals the current through A2R54» and the current 
into 4ie bridge equals the cm rent out . ; ' < 

44 «), Transistor A20I4 replaces current drawn by 
thiv meter, so the meter bridge is kept iloating while 
the meter is referenced to ground. The dc output, 
taken across A2R65 and \< 2 , is also referenced to 
ground. 

4-20. AC OUTPUT CIRCUIT. 

4-21 . The ac output circuit isolates the meter bridge 
and amplifier from the ae output load. It consists of 
two emitter followers (A2QI5 and QI6) connected in 
cascade. A2R5‘> in the base circuit of A20I5 /crocs 
the output dc level at the ac output. 

4-22. POWER SUPPLY. 

4-23. The power supply produces regulated Uh volts 
and -26 volts. Breakdown diode A2CR7 establishes a 
reference voltage ol 63)8 volts. Bart ol the power 
supply output is applied to the Base of A2Q2. and 
A2Q2 senses the difference between the supply 
output and the reference. If the output voltage , 
changes, the emitter to base voltage of A2Q2 will 
change; and the output of A2Q2 will change the 
current through A2Q1 . the regulator. , 

4-24. The negative regulator, A2Q3 and A2Q4, uses 
the i26 volt output as a reference. Consequently, the 
negative supply is dependent upon the positive 
supply. 
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Maintenance described herein is performed 
with power supplied to the instrument, and pro- 
tective covers removed. Such maintenance 
should be performed only by service-trained 
persor jlwho are aware of the hazards in- 
volved (for example, fire and electrical shock). 
Where maintenance can be performed without 
power applied, the oower should be removed. 



! 
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Table 5-1 . Uei|iiKred Test fquipmont 



INSTRUMENT 
1 yim: t 


KIOIMKI.l) 

SPl.CUTCATTONS 


RECOMMENDED MODI 1. 


AC* Calibrator 


Accuracy: 0.022'/ to 0.205'; * 
Voltage Rubles: 0.1 mV to 500V 
frequency Range: 1011/ to 1 lOkll/ 


dip- Model 745A/74UA 
AC Calibrator 


Test Oscillator 


frequency Range: 1011/ to I0MH/ 
Output : .>.0 volts ruts max. 
Distortion: less than !'- 
frequency Response: adjustable 
to 0.25'* (<>52A) 


•hp- Model (>5 1 11 or (>52A 
Test Oscillator 

i 


AC/ DC Voltmeter 


Rattle: 0 to 1 00 volts 
Sensitivity: 100 microvolts 
Accuracy: greater )hanO 1 ' 


dip- Model 445011 Multi-function 
Meter with Option 001 


DC Null Meter 


Range: |5 microvolts full scale 
to l Dm V full scale 
Accuracy : -! of full scale 


dip- Model 4 10 A DC Null 
Voltmeter 


Thermal 

Converters 


a. -Input: 5 volts rtn.s. R - 
200 olims/volt 
Output :7m V tic 

b Input: 1 volt ami. 0.45 volt nus 
, Output: /mV dc 
1 Accuracy: 0.2'./ or better 
frequence Range: tic to I0MII/ 


a. -hp- Model 1102- 
1 1040 A (<>00 ohms input) 

h. -lip- Model 1 105 On 
and 1 1051 A Thermal 
Converters (50 ohms input ) 


DC Standard 


Output: Adjustable to 0.45V. iVantl JV 
Accuracy: 0.1' / or better 


-hp- Model 7-101) |)C Standard 
Differential Voltmeter 


o-i o My 

Kety»'ence 

Spppty 


See figure 5-2 lor schematic. 

a. Resistor: f\tl, t*5t)0 ohms H'.< 

b. Resistor : var. 500 olmis +5’ . 
10 turn 

c. Resistor: var. 50 ohms |5V<. 

1 Ot in n 

il. Battery: l .5-1 volts 


a. -lip- Part No. OS 11 -0592 

b. dip- Part No. 2100-0524 

c. dip- Part No >100 Id, SI 

d. Mallory RMM2R 


AC/DC Voltmeter 
Oirinmeter 


Actirracv 5'. 

Input Capacity 1 .5 pi 
Input Impedance: • 10 MU 


-hp- Model *1 1 0C 
llectronic Voltmeter , 


Resistors 


1 Ml. 100 kilolmis H'.< 
l Ml. 1 kilohm H'.«' 

Vat. 15 kilohms. ww t5'<- lOntrii 


-lip- fart No. 07574)4(>5 
lip- fart No. 0757-02S0 
-lip- Part Not 1 1 004)896 


Voltmeter 

Calibrator 


Voltage Accuracy: K25 ' > at 40011/ 
Output : 0 to 5 volts 


-lip, Model 758HR Voltmeter f 
Calibrator 


Termination, 

i • 1 


feed through. 50 ohm impedance 


-bp- Model ! 104SC 50 ohm 
feed-through Termination 


Coaxial 

Attenuators 

i ..." 


50 till attenuation M),01 dll de to 10 Mil/ 
41) MR attenuanon • 0.01 dlideto It) Mil/ 


Wemsehel fngmeering 
Models, 50-I0S and 
50-50S Coaxial Attenuators 


Wiilebaml 
AC Voltmeter 


frequency Rang * . 10 11/ to 1 Mil/ 1 
'Accuracy 1 : (Greater than t l'V. 


-hp- Mode! 5405C’ 
lure RMS Voir me ter 



WidehaiKl 
'AC Voltmeter 
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. INTRODUCTION. 



SECTION V 
MAINTENANCE 

5-9. ACCURACY AND FREQUENCY RESPONSE 
TESTS. 



5 .’ This, section omullis InlmmalUm necessary to 
maintain the Model 400P/PP. The following 
paragraphs describe the Performance Checks, the 
Calibration Procedures, and the troubleshooting , ' 
Procedures. ! 

5-3. REQUIRIPJMIP^ENL 

54. Table 5-1 is a list of the equipment required to 
properlv maintain the Model 400P/PP. It the model 
recommended in Table 5*1 is not available, a 
substitute may be used as long, as it .meets the 
required specilicatioits. ' 

5-5. MECHANICAL ZERO ADJUST (400E Only). 

5-6, Before any performance checks or calibration is 
begun, complete the mechanical zero adjustment in 
the following steps: 

a. lie sure the meter has been oft tor at least 
one minute, or momentarily short the meter 
terminals. 

b. Rotate mechanical adjustment screw 
CLOCKWISE until ureter pointer is to the 

r i left of zero and moving upscale toward zero, 

.c. Continue to tota»e adjustment screw 
clockwise. STOP when n**edle is exactly on 
zero. If needle overshoes, repeat step b, 
d. When pointer is exactly over zero, rotate 
adjustment screw slightly 
COUN I PRO .OCKWISP to relieve tension 
on suspension. If the pointer moves to the 
left, repeat whole procedure, but make 
1 , counterclockwise mtatiop loss. 

5*7. PERFORMAN CE CHECKS. 

5*S. The performance checks arq “in cabinet tests 
tirat compare the' *1001:/ 1:1 with its specifications. 
These procedures can be used both lor incoming 
inspection and periodic inspection. I he performance 
checks should be conducted before any attempt is 
made to calibrate the instrument. A Performance 
Check Test Card is provided at the end of this section 
for recording tire performance of tire instrument 
during the performance checks. The card cun be 
removed from the manual and used as a permanent 
record of the upcoming inspection or oi a routine 
performance check. , 





5 10. The accuracy and frequency response tests 
compare the Model 4001:/ PL. with its accuracy 
specifications. Three methods are given in the 
following paragraphs. Any one ut the three 
procedures can be used dependent upon the test 
equipment available and the desjrcd accuracy to 
which the 4001:/ 1:1. is to be checked. The procedure 
using the -lip- 745A AC Calibrator and the 746A 
Amplifier is the simplest and most accurate lor all 
voltages at frequencies Irotn 10Hz to l iOkllz. Prom 
I IOkllz to 10MHz. the 65 2 A Test Oscillator can be 
used for the 3 and l volt ranges with an accuracy ot 
0.25 /{ (0,75V? for lower ranges). The Ihermal 
Converter Method is more time consuming and 
subject to burn-out 1 , but it has an accuracy 
uncertainty of 0,04'? to 0.18V?. The P02-73KBR can 
be used to'check all ranges at 4001 Iz t» a minimum ot 
.3 millivolts. The accuracy at 40011/ is 0.2',?. at 300 
volts and 0,3V? using the attenuator. The frequency 
response can be checked with a maximum of 3 volts 
with the 652 A Test Oscillator. The 654 A lest 
Oscillator can be used below l volt output from 101 Iz 
to lOMIlz with a Harness of 0.5V? . This Harness is 
without adjusting the amplitude at each change ot 
frequency. 

541 . Accuracy Check from 10Hz to 110kHz. 

5-12. The test setup in figure 5-1 uses the 745A AC 
Calibrator i System. This calibrator can produce any 
voltage level from 0.1 mV to 100 volts in a seven digit 
readout for frequencies Irotn 10Hz to l IOkllz. I he 
\ accuracy is from 0.022V? to 0.205V?. The 74oA 
Amplifier can be used for voltages above 100 volts 
with the same accuracy. 

-NOTE— 

Por optimum performance, let the 
4 OOP/ PL and the 745A/7 loA 
warmup for at least one-halt Irour. 

a. Place the 400PUT. on the 3 volt range ami 
position the 745A to read 3.00000 volts at 
400Hz. 

b. Connect the test setup as shown in figure 
5-1. Set the 745A SPNSP switch to LOCAL 
or if more accuracy is desired place the 
SPNSP switch to RPMOTP and connect the 
sense terminals to the input ol tl>e,400f/ff. 

5-1 
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AC CALIBRATOR 

hp 745A 

to u u n (J no 

« vC ct sc 

trrrnri (> 
i 1 m a i 



AC VOLTMETER 
hp 400E/EL 



<\ , ..T 

to 

DC OOTPljr 
OK »» A» 



MULTI -FUNCTION METER 
ho M60A 



cm r:n 
cm m 
ft - - - cn 



figure 5-1 . Accuracy lest Setup 



c. Set the error range to XI aid turn the 
marker to zero position, Kead 'nede output 
on the digital voltmeter. The de output 
should read within the tolerances listed in 
Table 5-2, With some test setups, it may he 
necessary to connect a 500 microfarad capa- 
citor across the 400171:1. output to obtain 
the requited resolution at 10 II/. 

d. Adjust ,the 745 A error control until the 
400171'* I- reads exactly the applied voltage, 
Kead the 400171:1. error directly in '■'< from 
tlic 7,1*5 A. Where the meter error exceeds, 
2> ;|, return the 745A error control to 
/ero.f bring the dOOE/fX to the required 
reading with the 745 A voltage controls and 
calculate the error. Any error should he 
witVijn tlic tolerance listed in Table 5-2 
under Meter, 

e. Kep'Jat steps c and d tor each 745 A Ire- 
quenley and voltage listed in Table 5-2 and 

1 5-5. humect the precision 40 dH attenuator 

hetvjeen the 745 A and' the 400171:1* t‘> 
calibrate the l mV and 5 mV ranges. If the 
400171:1. is not within the tolerances listed 
in Table- 5*2 and 5-5 refer to Paragraph 5-52 
Alignment and Calibration IWedure. 

I ' • 

5*13.. 'Frequency Response Check from 110kHz to 
10MHz. 

a. l or frequencies from 1 1 Okl 1/ to 10MII/ 
adjust the o52A (using the 50 ohm output 
and a 50 ohm load) to the same reading on 
tlic 40017 hi. at I kHz. as read with the 745 A. 
5 and I volt only can he used on the 
expanded scale. (5 and I volt can he 
atlci anted hv the 65 2A range switch at less 
accuracy.) 

b. Turn the 65 2 A to the expanded scale and 
adjust the Rl I Sh i control for O'. ■ of (hill. 



c. Change the 1 frequency to those in I able 5-2 
' and 5-3. Adjust the 052A AMIT.1TUDI: 
control until i) is read on the expanded scale 
of the meter. The de output of the 4001. /h h 
should he within tolerances listed in I able 
5-2 or 5-3 for range, voltage and frequency 
settings. Change the fine adjust on the652A 
until the -K)0h/hL meter reads exactly the 
voltage applied. Kead error on the 652 A 
Meter. Where the meter error exceeds 
► 15';. readjust the o52A AMIT.llUDh 
control for i) ot» the expanded scale 1 of (lie 
meter and read’ the error on the 40DE/EE. 
The error should Ire within the tolerances 
listed in Table 5-2 and 5-3 for range, voltage 
and frequency settings. If out ot tolerance 
refer to Paragraph 5 32 Alignment and 
Calibration Procedure. 

NOTE 

lor accuracy of voltage trackiug- 
not listed in Table 5-2 and 5-3 refer 
to the Accuracy Graphs Table 54. 
Obtain the percentage of accuracy 
i. from the specifications Table M. 

Select the proper graph for the 
percentage of accuracy. I md the 
point on' the curve for any tracking 
point from lull scale to less than 
1/3 full scale. Horizontally locate 
the error in percent of reading. 

'■ i 

I 

5-14. Accuracy Check Using Thermal Converters. 

5-15. The test setup in l igure 5*2 Uses a thermal 
converter with a null circuit to adjust the frequency 
response of the test oscillator to within 0.2'-' over its 
entire baud, (dnsruct the 0 to lOmV Kelerence 
Supply shown in figure 5-2 and allow it at least 24 
hours to stabilize. 
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Table 5-2. Accuracy Tolerances 



r 


3 Voli 


1 Volt Ren«e 


A 


!M*> 


Voltofje 

Input 


Meter 

{% of reeding! 


DC OUTPUT 
(Volt*) 


Volume 

Input 


Meter 

(% of roodinu) 


DC OUTPUT 
(Volts! 


10 


3 


3.00 i 6% 


0.049 t 0.04/ 


1.0 


1 .00 i 5% 


1,00 t 0.05 , 


2 


2.00 t G.3% 


0.633 t 0.040 


0,6 


0.60 t 7.5% 


0.60 i 0.038 




t 


J.00 t 10% 


0,316 t 0.032 


0.3 


0.30 t 10.8% 


0.30 t 0.033 


40 


3 


3,00 1 »% 


0.949 t 0,010 


1.0 


1.00 t 1% 


t.00 t 0.010 


2 


2.00 t 1,6% 


0.G33 t 0.010 


0.6 


0,60 t 2% 


0.60 t 0.010 




t 


1 ,00 t 3% 


0.316 t O.Ot 


0.3 


0.30 i 3.3% 


0,30 t 0.010 




3 


3.00 t 1% 


0.949 t 0.010 


1.0 


1.00 t 1% 


1,00 t 0 01 




2 , 


2.00 t 1 .5% 


0.633 t 0.010 


0.6 


0,60 t 2% 


0.60 t 0.01 


400 


1 


1.00 l 1% 


0,316 t 0.010 


0.3 


0.30 i 3.3% 


0.30 t 0,01 


600 k 


3 


3.00 t 1% 


0.949 t 0.010 


1.0 


1,00 t 1% 


1. 00 t O.Ot 


2 


2,00 t 1.6% 


0.633 t 0.010 


0,6 


0.50 t 2% 


0.60 t 0.01 




1 


1 .00 t 3% 


0.316 t 0.010 


0,3 


0.30 i 3.3% 


0,30 t 0.01 


t M 


3 


3,00 i 1% 


.0,949 i 0,010 


i 1.0 


1.00 i 1% 


1.00 t 0.01 


2 


2,00 i t.6% 


0.633 1 0.010 


0.5 


0.60 t 2% 


0.50 t 0,01 




1 , 


1,00 t 3% 


0.316 t 0.010 


0.3 


0.30 1 3.3% 


0,30 t 0.0! 


4 M 


3 


3.00 i 3% 


0.949 t 0.029 


1.0 


1.00 i 3% 


1.00 * 0.03 


2 


2.00 t 3 8% 


0.633 t 0,024 


0.6 


0,50 t 4.5% 


0.50 i 0.023 




1 


1.00 t 6% 


0.316 i 0.019 


1 0.3 


0,30 t 6.6% 


0.30 i 0.020 


10 M 


3 


3,00 i 6% 


0.949 t 0.0476 


1.0 


1.00 t 6% 


1.00 t 0 05 1 


2 

1 


2.00 i 6.5% 

1.00 t 16% 


0.633 i 0.0411 
0.316 t 0.0348 


0.6 

0.3 


0.50 t 8% 
0.30 r 12% 

1 


0.60 t 0.04 
0,30 t 0.036 



A //ifie lofi'tonces ion nt\o be until on 
the tollowlhil rdtiti>">: 10 mV, IDO mV, 



NOTE — 

■ Tire test oscillator used must have 
very low distortion (less than V/o). 

A thermal converter and an average 
responding circuit react ditterently 
■ to distortion, and any distortion 
present would create a calibration 
error. 

5*16. Reference Supply Calibration. 

5-17. Use the following procedure to calibrate the 
thermal converter and reference supply. 

a. ’Connect the de standard, the 400E/EE. the 
null voltmeter, the reference supply, and a 3 
volt hernial converter (1102*1 1049A with 
600 ohm Input impedance) as shown in 



figure 5*2. Set switch SI to position A 
connecting the dc standard output to the 
thermal converter input. The reference 
supply and the thermal converter are 
sensitive to variations in ambient 
temperature. 1 Ensure that the ambient 
temperature variations are less than +2.0' C. 

NOTE 

If a 400 E/EL Option 02 instrument 
is used, set the REL. REE 
adjustment to the fully clockwise 
ABSOLUTE position before 
making accuracy check. 

b. Set the dc standard output to +3.000 volts 
dc. 
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MULTI- FUNTION METER 
hp 3450A 



I ! : : : ! i 

i : I : : :r J ° i 



! DC DIFFERENTIAL 
VOLTMETER/DC STANDARD 
hp 740B 





l'___ 


* 1. . 


i ['<'“>1 “ 


o 




« ® e 


$ Q <f‘S r 



TEST OSOLLATpR 
hp 65IB or 652 A 



hp 400E/EL 
AC VOLTMETER 



DC NULL 
VOLTMETER 
hp 41 9 A 



ro 

o: curpur 
ON Mt AH 



0 @ <*> 



/■' \ ij) ' O-IOM. 

It c nr:f£tifN-'H 

. 00 ; 

x.xcrnxni ! 



i r«»t:vAi C'.r.vturtu 

1 bp 1 1 'M'M |.5 vl 

! | fyjMOWAOVl 



!”"**"! : , f - V' 

IlL t\ t vH 

o .1 i j HNC 'fCCt 



I 

L 



11 NC "r" CCNM.crrjn 




ty'cl'OA ( 



. ’fr-L 1 .. r,) 51 



> u 

X:X‘ 



l ijinrc 5-2. Accuracy ami l'ret|uency Response lest Setup 



l Millivdlt Range Only. 

reiptency J 

(H/> 1 ' Voltage Mclc^wV) DC Output 

Input {% of reading) t Volts) 



Table 5 3. Calibration Tolerances 



lrei|uency 



I OOmV 

0.5mV 

0.3mV 

I ,(K)mV 

0.5inV 

U.3inV 



1 .00 1 5 a’ 
0.50 t 7JM 
0.30 I: loW 



1.00 1 l r ,V\,v 

0.50 f ?::■ 'Vv 

0.30 + 3.3 f ,;i' 



1 .00 i 0.05 
0.50+0.0*8 
0.30 1 0.033 

1.00 1 0.02 
0.50 tO.OI 5 
0.30 + 0,013 



s.oomV 1.00 1 1 root 0.005 

0.5 mV 0.5012;; 0.50 10.0045 

OJmV 0.30 1 3.3'.; 0.30 + 0.0043 



Millivolt Range Only. 




Voltage 

Input 


Meter (mV) 

i >r *»(' reading) 

1 


l OOmV 


loot i 1 ,;, 


0.5mV 


0.50 1 2*3 


0.3 mV 


0 30 1 .>.5‘< 


1 .00m V 


loo t r; 


0.5mV 


0.50 1 2‘3 


0.3 mV 


0.30 + 3.3v; 


1 .OOmV 


i.oo + y,t 


0.5mV 


o.5o 1 7 .<»■;; 


0.3mV 


o.3o + io. sv; 
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Section V 

c. IMr.g the null voltmeter, adjust the 
reference supply until Its output is within 
±1,5 microvolts of the thermal converter 
output. 

5-18. 3 Volt and 1 Volt Accuracy Test. 

5-19. Check the 400E/EL accuracy and frequency 
response on the 3 volt and 1 volt ranges according to 
the following steps. 



Models 400E/400EL 

Repeat sjeW A through d In this paragraph 
using the one volt thermal converter and the 
50 ohm output of the test oscillator. Set the 
4Q0E/EL to the 1 volt range. 



j-20. Range Tracking T^st. 

■' \\ 



rmnnnriwno 

{caution} 



5-21. The range truckmg test checks the accuracy of 
the 4Q0E/EL with a 1/3 scab* input over its entire 
frequency range. ; i 

'l ; • . 

5-22. After verifying the full scale calibration with 
the accuracy test, in Paragraph 5-19, check the range 
tracking with the following procedures. 



set t est oscillator 

OUTPUT TO MINIMUM BEFORE 
CONNECTING. REDUCE 
OSCILLATOR OUTPUT BEFORE 
CHANGING FREQUENCY 
RANGE. DO NOT ALLOW 
OSCILLATOR OUTPUT 10 
EXCEED RATED INPUT OF 
THERMAL CONVERTER. ANY 
OVERLOAD MAY DESTROY 
THERMAL CONVERTER. 

i 

a. Set switch SI in Figure 5-2 to position B, 
connecting the test oscillator's 600 ohm 
output to The thermal converter input. 
Connect the digital voltmeter to the 
400 E/ EL DC OUTPU T terminals. 

b. Set the 400E/EL Range Switch to 3 volts 
and set the oscillator frequency to lOllz. 
Connect the BNC **V* connector directly to 

' the 400E/EL INPUT. 

c. Using the oscillator amplitude »:ontrol as 
coarse adjustment and resistor R4 (Figure 
5-2) as fine adjustment, • increase the 
oscillator amplitude until the thermal 
converter output nulls the reference supply. 
Observe the 400E/EL meter indication and 
de output. 

d. Repeat step e for each frequency listed in 
Table 5-2. If the 400E/EL is within 
specifications, the meter indication and the 
de output will be within the tolerances listed 
in Table 5-2, 

e. Recalibrate the lOmV reference supply 
according to the procedure in Paragraph 
5-17 using a 1 volt therm;.! converter and a I 
volt output from the de standard. 



a. Recalibrate the lOmV reference supply 
according to the procedure in Paragraph 
5-17. Use a 600 ohm input, 3 volt thermal 
converter and 3 volt output from the dc 
standard. 



v v mrvmvs 

•caution} 

AMAMMMM 

SET TEST OSC1 LL\TOR 
OUTPUT TO MINIMUM BEFORE 
CONNECTING. REtfUCE 
OSCILLATOR OUTPUT BEFORE 
CHANGING FREQUENCY 
/RANGE. DO NOT ALLOW 
OSCILLATOR OUTPUT TO 
EXCEED RATED INPUT OF 
THERMAL CONVERTER. ANY 
OVERLOAD MAY DESTROY 
THERMAL CON' RTER. 




b. Set SI in Figure 5-2 to position B, 
connecting the test oscillator 6001 ohm 
output to the thermal converter input. ( 
Connect the digital voltmeter to the 
400 E/ EL DC OUTPUT terminals. 

e. Set the 400E/EL switch to 10 1 volts and the 
oscillator to 10Hz. Connect the BNC *‘T" 
connector directly to the 400E/EL INPUT. 

d. Using the oscillator amplitude control as 
coarse adjustment and resistor R4 as a fine 
adjustment, set the oscillator output so that 
the thermal converter output nulls the 
reference supply output, 

e. Repeat step d for each frequency listed in 
Table 5-2. If the 400E/EL is within 
specifications, the meter indication and the 
dc output will be within the tolerances listed 
in the table. 
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AC VOLTMETER 




Figure 5-3. Input Impedance Check 



f. Repeat steps a through e in this paragraph 
using a f>0 ohm input. I volt thermal 
converter and a H .000 volt dc output from 
the dc standard. Set the 400E/EL to the 3 
volt range and use the 50 ohm output of the 
test , oscillator . 



5-23. 3mV and ImV Range Accuracy Test. 



a. Recalibrate the lOmV reference supply 
according to the procedures in Paragraph 
5-17 using a 0.45 volt thermal converter and 
a 0.3000 volt output from the dc standard. 



b. Set SI in Figure 5-2 to position B, 
connecting the test oscillator output to the 
thermal converter input. Connect the digital 
voltmeter to the 400F/FL PC OUTPUT 
terminals. 




S FT TEST OSCILLATOR 
OUTPUT TO MINUMUM BEFORE 
CONNECTING. REDUCE 
OSCILLATOR OUTPUT BEFORE 
CHANGING FREQUENCY 

range, do not allow 

OSCILLATOR OUTPUT TO 
EXCEED RATED INPUT OF 
THERMAL CONVERTER. ANY 
OVERLOAD MAY DESTROY 
THERMAL CONVERTER. 



c. Set the 400E/EL RANGE switch to 3 
millivolts (.003 volts) and the oscillator to 
10Hz. Connect a precision 40dB coaxial 
attenuator between the ,BNC “T” connector 
and the 400E/EL INPUT. 



d. Using the oscillator amplitude control as 
coarse adjustment and resistor R4 as a fine 



adjustment, set the oscillator output so that 
the thermal converter output nulls the 
reference supply output. 

e. Repeat step d for each frequency listed in 
Table 5-2. If the 400E/EL is within 
specifications, the meter indication and the 
dc output will be within the tolerances listed , 
in the table. 

f. Recalibrate the lOmV reference supply 
according to the procedures in Paragraph 
5-17 using a 0.45 volt thermal converter and 
a 0.3162 volt output from the dc standard. 

rrrYYTYYrvrv 

(CAUTION^ 

U/UAAJUAAM 

SET TEST OSCILLATOR 
OUTPUT TO MINIMUM BEFORE 
CONNECTING. REDUCE 
OSCILLATOR OUTPUT BEFORE 
CHANGING FREQUENCY 
RANGE. DO NOT ALLOW 
OSCILLATOR OUTPUT TO 
EXCEED RATED INPUT OF 
THERMAL CONVERTER. ANY 
OVERLOAD MAY DESTROY 
THERMAL CONVERTER. 

g. Set the 4 00 E/ EL RAN&E switch to .001 , 
volts and set the test oscillator to 10Hz. 
Connect a precision coaxial 50dB attenuator 
between the BNC “T" and the 400E/EL 
INPUT. 

h. Using the oscillator amplitude control as 
coarse adjustment and resistor R4 (Figure 
5-2) as fine adjustment, increase the 
oscillator amplitude until the thermal 
converter output nulls the reference supply. 
Observe the 400E/EL meter indication and 
dc output. 
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I..'. Repeat step It for each frequency listed in 
i Table 5*3. if the 400E/EL Is within 
specifications, the meter Indication and the 
jdc output will be within the tolerances listed 
1 jin Table 5-3, 

). Place the 400E/EL RANGE switch to ,003V 
' and repeat step It at 1/3 scale using tlte 
frequencies listed in Table 5-2. 

\ NOTE 

Refer to paragraph 5 46 for an 
alternate calibration accuracy 
< check. 

■ \ 

5-24. INPUT IMPEDANCE CHECK. 

5-25. Input Resistance Check. 

a. Connect the 50 ohm output of the test 
oscillator to the input of the400E/EL, 

b. Set the test oscillator and the 400E/IX to 
the 3 volt range. Set the oscillator output to 
4011/. and adjust the output for a full scale 
indication. 

c. Connect a 100 kilohm resistor between the 
test oscillator output and the 400E/EL input 
as shown in figure 5-3. 

d. The 400E/EI. indication should not drop 
more than one small scale division from 1 full 
scale. This verifies an input resistance of (0 
megohms. 

5-26. Input Capacity Check. 

a. Connect a test oscillator, a 100 kilohm 
resistor, and the 400E/IX as shown in 
figure 5-3. Insert the resistor lead directly 
into the BMC connector on the 40t)E/IX. 
and connect the ground lead to the outer 
shield of the 400E/EL input connector. Do 
not use an adapter, as any adapter will add 

, input capacity. | 

b. With the 400il/ELon the 3 volt range, 
, adjust the test oscillator for 3 volt reading 

on the 400 1:/ El. at 4011/.. 

c. Increase the test oscillator frequency until 
the 4U0E/EL indication drops to 2.12 volts. 
ThiSj should occur' at a frequency of 132k!!/ 
or greater, verifying an input capacity of 
I2pf or less on the 3 volt range. 
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d. Repeat steps a and b with the 400E/EL on 
tire l volt range. 

e. Increase the test oscillator frequency until 
the 400E/EL indication drops to 0.707 
volts This should occur at a frequency of 
63.5k! 1/ or greater, verifying an Input 
capacity of 25pf or lesson the l volt range. 

5-27. AC TO DC CONVERTER OUTPUT 
IMPEDANCE CHECK. 

5-28. Proceed as follows: 

a. Connect an -hp- 651 B or 652A Test 
Oscillator through a 50 ohm load to the 
input of thc'400E/IX. 

b. Connect a de digital voltmeter to the de 
output of the 400 E/ EL located on the rear 
panel. Set the 4001:/ fX to the 3 volt 
RANGE. 

c. Set’ the oscillator frequency to lOOkll/ and 
the OUTPUT ATTENUATOR to 3 volts. 

d. Adjust the oscillator amplitude to read 
1 .000 vop : on the digital voltmeter at the do 
output. 

e. Place a 1000 ohm ± l ft metal film resistor 
(*hp- part number 0757-0280) across the de 
output of ihc 400E/EL. The voltage should 
read between 0.475 and 0.525 writs. This 
varifies that the de output impedance is 
I GOO ohms ±5%. 

5-29. AC OUTPUT VOLTAGE CHECK. 

5-30. Proceed as follows: 

a. Connect an oscillator (6510 or <>52A) to the 
input of the 400E/IX through a 50 ohm 
load. Connect an ac digital voltmeter (-hp- 
(34i)3C v )to the ac output of the 400E/ELL 

I). Place the 400E/EL and the oscillator on the 
one volt range, 

i 

c. Adjust the oscillator’s amplitude for full 
scale dcllectiou on the 400E/IX meter. The 
ac digital voltmeter should read 1 50 mV 
± 10 '/r from 10 11/ to 4 Mil/, 

d. Decrease the range of the oscillator and 
400E/EL to 100 mV anil 10 mV. repeating 
Step e for each voltage. 
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c. place the oscillator and the 400 H/IU. *»n the 
I mV range. Increase the oscillator’s 
amplitude for full scale deflection on the* 
400E/HL meter. The ac digital voltmeter 
1 should read !05inV i 10'#. 



6-31. CONCLUSION 
CHECKS. 



OF PERFORMANCE 
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| • 

5-34. COVER REMOVAL. 

5 . 3 * 5 , To remove the top or bottom covers, remove 
the Phillips screws holding the cover, slide the cover 
about i Inch to the rear, and lift it oil. To replace the 
cover, reverse the, removal procedure. If It is necessary 
to remove a side cover, remove the lour Phillips 
screws and lift it off. 



■NOTE- 



NOTE 

When the 400H/EL has passed these 
checks it has met its specifications 
listed in Table 14. 



Connect a dc voltmeter to TP1 ;Thc 
voltage should be E26 i~V. 
Connect a dc voltmeter toTP2.'lbe 
voltage should read -26 +2V. II 
these voltages are not correct reter 
to Troubleshooting Paragraph 548. 



5-32. ALIGNMENT 
PROCEDURE. 



A NO rAyBtRAILQN 5 . 36 B | AS ADJUST. 



,j NOTE 

.'The location of adjustments on A2 
l depends 'on the applicable hoard 
revision (see Pages 7-2 and 7-3). 

5-33. The calibration adjustments are “cover olf 
procedures to adjust the 400E/HL to Us perlormaiice 
specifications. If the instrument cannot be properly 
adjusted, refer, to the Troubleshooting Procedures 
(Paragraph 548). Figure 54 shows the location ot all 
the internal adjustments. ' _ 



5- 37. Connect a dc voltmeter to TP3 and adjust 
,\>U|7 for -6,0 l().25Vde. Connect a dc voltmeter to 
TP4 and adjust A2R31 for +10.0 U Vdc. 

6- 38. AC OUTPUT ZERO. 

5-39. Connect a dc voltmeter to TP5 and, adjust 
A2R59 for 0.0 +0.0 50 Vdc. 1 

540. CALIBRATION. 



NOTE- 



If a 4001:/ EL Option 02 is to be 




Figure 54. Location of Internal Adjustments 



/ 
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. calibrated, set the UHL ; RHF 
adjustment to the fully clockwise 
ABSOLUT V. position before 
beginning the calibration. Always 
check and set the bias levels first 
before calibration, 

5-41, Accuracy and Frequency Response Calibration. 

I ' ; 

a. Calibrate the reference supply in Figure 5-2 
with a l writ thermal converter according to 
the steps in Paragraph 5-17. 

b. Disconnect the standard and connect the 
test oscillator, the 400H/HL. arid the digital 

1 voltmeter as shown in Figure 5-2. Connect a 
precision 4t)dB coaxial attenuator between 
the BNC k T“ connector and the 400H/HL 
INPUT. When the thermal converter and 
reference supply out puts are nulled, the 
input to the 400H/HL will he lOmV.Set the 
oscillator frequency to 40011/: and the 
400H/HL to the 0,6 1 writ range. Using the 
amplitude control as coarse adjustment and 
R4 as fine adjustment, increase the oscillator 
output until the thermal converter output 

’ nulls the reference supply. 

, Adjust A2R38 for a 400H/HL meter reading 
of lOmV +0. t in V or less. 

d. Adjust R2 for a digital voltmeter display of 
1 .(WO 10.005 Vdc or less. 

e. Ijower test oscillator output and set 
frequency to. IGMH/. Readjust oscillator 
amplitude until thermal converter output 
nulls reference supply, 

f. Adjust A2C28 for digital voltmeter display 
, of t .000 tO .04 or, less. 

g. Cower test osemator output ami set the fre- 
quency to 1,0 Mil/, Disconnect the precision 
40 illt alternator and connect a precision 
50 dll attenuator itt its place. When the 
thermal converter and the reference supply 
are nulled, the input to the -lOOH/HL will he 
3. 1 62, mV. Set the -I00H/I:L UANtiH to 
0.003 volts. 

h. Using the amplitude control as a coarse . ( 
adjustment and l<4 t Figure 5-2) as a fine 
adjustment, increase the oscillator output, 
until the thermal converter exactly nulls the 
reference supply output. 

i 
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i. Adjust S2C2 for a digital voltmeter 
Indication of 1.000 i0.04Vde.The400F;/F:L 
should read 3.16 +().158mV. 

—NOTH 

Check at 6 and 4MII/. Amplitude 
can be lowered at 4MH/. by moving 
A2C1 1 and Cl 3 closer together, 

i 

j. (jower the test oscillator output und set the 
frequency to 4QQH/. Replace the 1 volt 
thermal converter with a 0.45 volt thermal 
converter, and calibrate it according to the 
procedure in Paragraph 5-17 using a 0.3162 
volt output from the dc standard. 

t 

k. Disconnect the dc standard and connect the 
test oscillator to the thermal convene; as 
shown in Figure 5-2. Set the 400H/HI. range 
switch to 0.001 volts. Using the amplitude 
control as a coarse adjustment turd R4 as a 
fine adjustment, increase the oscillator 
output until the thermal converter output 
exactly nulls the reference supply output. At 
null, the Input to the 400H/HL will be l mV 
at 4001 1/. 

m. Adjust A2R44 for a digital voltmeter display 
! on .000 +0.005 Vdc. 

NOTE 

The' voltage, at TP *1 affects fre- 
quency 'response. If the frequency 
response' is low at 10 and 2011/ 
decrease voltage at TIM (extreme 
limits 8 to I 2 volts). After changing 
voltage at TP4, check high and low 
frequency response. 

n. If the accuracy and frequency response can 
not be brought into specifications with the 
.proceeding adjustments, refer to Table 5-1 1 
Factory Selected Components, 

5-42. Calibration Procedure Using -bp- 745A/746A 
Calibrator. 

1 i 

543. Calibrate the- 400F/HI for frequencies from 
I0lt/ to 1 lOktl/ with the test setup shown iu Figure ' 
5-1. - •’ •; 

a. Set the 745A to the voltage levels and 
frequencies listed in Table 5-5. Alternate 
Calibration Procedure (omit steps 2 and 3). 
Select the proper 400H/HL range. 



i 
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STEP 400E/EL RANGE CALIBRATION SIGNAL ADJUSTMENT 



n.ot v 



0.01V 



0.003 V 



lOmV 400 H/. 

lOmVlOMH/. 
mV 10 Mil/ 



4 0.00 IV ' /."• . l mV jOH/. 

5 3 \{ 1 > 3 V IQOk II/- 

b* Willi the adjustment components filed in 
Table 5-5 adjust within the specified error. 
For steps 2 and 3 the adjustment procedure 
' in Paragraph 541 or 547 must be used 
because of frequency. 

. ■ i 

,c. If the accuracy can not be brought into 
specifications refer to 'I able 5*11 f actory 
i Selec ted Components. 

544. ' Attenuator Alignment. 

■ a., Use the setup shown in Figure 5-2 to align 
the attenuator. Calibrate the reference 
. supply according to the procedures in 
Paragraph 5-17, using a 3 volt thermal 
converter. 

• f i . ,1 

h. Disconnect the dc standard and connect the 
1 l. st oscillator and 400P/EL as shown in 
; Figure 5-2. Set the oscillator frequency to 
, l()0k 11/ and the 400P/PL to the 3 volt 

range. Using the amplitude control as coarse 
•adjustment and R4 as fine adjustment. 
' increase the oscillator output until the 

thermal converter output nulls the reference 
, supply. >. 



' ' c. Adjust A’ 2 in the 400P/PL for a meter 
, '' ! ' 1 [cadiug of 3.00 +0.03 volts or (ess. 

5*45. Alternate Calibration and Performance Check. 

V54o.i} Hie following alternate procedure car. be used 
for both iu,Perforinance Cl^ck' and lor calibration. 

,, 'The ' alternate procedure uses an *hp- Model ,738BR i 
ft vdlimettr Cjabb/atpr to generate a 400 11/ signal I rum 
3(J() volts iti .3 [millivolts. The accuracy ol this calibra* 
.■ tor is 0.2# at 300 volts nuut OJ'T usingithe uttenoa- 
l lor. l or greater jiccurac.v tlfe 'calibrator output can he 
k niqnitijred by tlie uc differential voltmeter and the 



400 P/PL INDICATION 


• MUTER 


' DC OUTPUT 


lOmV lO.lmV 1 

1 


: , -1 

1,000 +0.005 Vdc' 


10 mV +0.5 mV 


1 .000 +0.05 Vdc ( 


3m V iO.ISmV 


0.949 +0.047 Vdc 


ImV +0.01 mV 


1 .000 10,005 vdc 


3V 10.03 V 


0.949 10.004 Vdc 



A2C28 

S2C2 

A2R44 

AIC2 



used to adjust the calibrator output to the accuracy 
of the ac differential voltmeter. Each time the calibra- 
tor voltage range is changed the output must be moni* , 
tored and adjusted. Do not readjust the calibrator 

below the 50 millivolt range. . • , 

547. This 400 ID voftage is used as a referyhee lb set 
up the t>5 2 A for a frequency response,', test from 
10 11/ to 10 Mil/ at voltages up to 3 volts , ji , : > 

a, Conned' the circuit as in Figure/5-5 p >sition 
A. Place the ac differential voltmeter to 300 
volts (maximum sensitivity) d/itl place the 
calibrator to 40011/ rms. 300 volts. 

b. Adjust the. AC INTERNAL CALIBRATION 

for an exact reading’ on dje differential 
voltmeter. ' ' ;fl 



c. Connect the circuit as in Fiy.Ure 5-5 position 

B. Tilt 400P/PL should rc;4 300 volts tr; 
or Jr 3 volts. Tin. dc out put ’/should be ,949 
10.0047, il . ’ 

l;l , ... ", 

d. Change the calibrator and ac dilterential 
voltmeter to 100 volts. Coined as in- Figure 
5-5 position A. Adjust l|ie AC i INTERNAL 
CALIBRATION for an c-jiiict reading on the 
differential voltmeter. ; |; 

e. Connect the circuit as in /position Bwith the 
400P/PL on the 300 V Hinge. The 400P/PL 
meter and dc output should read within the 
tolerances in Table’ 5 - '} for 1 volt input on 

1 the 3 volt range. :• . i'b 

f. Change the 4001-/PL fo the 100 volt range. 
Use the tolerances u/ Table 5-2 tor 1 volt 
input on , the t volt range. 



i 
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VOLTMETER CALIBRATOR AC VOLTMETER 

^ 73t3BR tip’fiOQE/El ' 



MULTI-FUN T ION METER 1 1 ; 

, . ho 3450/1 , >; 



'Q. 

- 



y , 

a l? oQ* 






”T“ 


n a 
era 

a «o t 


'll) 


r ~— itt 


1 J ’ • 




fel 



post HON Q 



POSITION A '*• 

, (OPTIONAL) j 

DC DIFFERENTIAL 
VOLTMETER/DC STANDARD 
! 'hp7AQB 



• r> O- 

TO ' 

nc OUTPUT 
ON REAR 



* i 1 ' . • ' t 

I POSITION C '■ . 

v- -< ' i~ — cn l t oo 

,bon FEED-THRU 1 
TERMINATION; 

1 hp 1104 SB 

- TEST 'OSCILLATOR r 






-1 f— — 1 o ^ 65aA . 

• 1 L -‘ — , 1 

o '( Q (Q L 1 Q 

' M '» « « c j! 1| ; a ■ a,' 

Figure 5-5. Alternate Calibration ami Frequency Test Setup 




g. Repeat steps d and e lor each range of the; 
400E/EL cheeking full scale and 1/3 lull 
scale for each descending range, , 

It. On the 3 volt range record the reading oil 
the 400E/EL meter and de output. , 



L Connect the circuit as in Figure 5-5 position 

c. ^ I 

j. Adjust the amplitude of ‘he test oscillator at 
40011/ to the value recorded in step h. I 

, \ ' l 

k. Set the test oscillator to the EXPAND scale 
position and adjust the RF.F. SET for u 0% 
or OdB reading on the meter. 

m. Change the iV.quency to those in Table 5-2 

and readjust t lie oscillator AMPLITUDE to , 
0% or OdB. The 400E/EL de output thould 
read within '.lie tolerance for that frequency, 
range and voltage input. Adjust the 
oscillator’s line control for an exact meter 
reading on the 4001:/ EL. The % reading on' 
the oscillator’s meter should be within 
tolerance, . / 

n. Repeat steps h P ru m for descending -‘nge* 
at full scale and 1/3 full scale/using the 
appropriate tables for toleram/es. Below 

, 50mV do not use Figure 5-5 position A us 



the calibrator is more accurate than the 
differential voltmeter at these low voltages, 

p. For checking' the accuracy of the l mV range 
of the 400E/EL use tolerances ‘.listed in 

, Table 5-S, 

‘F l mV 4 Mil/ is calibrated by dressing the 
white/orange/yellow jumper wire between 
the «ccond attenuator and input to the 
meter amp. Moving the jumper wire towards 
the deck lowers the response. Set 
RESPONSE 1.5% high ( vjth ' the bottom 
cover off. The installation of the cover will 
lower the response by 1 .5%. See Figure 6-2 
for location of the whiig/oiaugc/yellow 
jumper wire, . , » 

r. If the 400E/EL \ s out of specifications at u 
frequency, .djust the component listed in 
Table 5*5 for a 400E/EL meter and dc out- 
put reading within the proper tolerance. 
Use the range specified for . adjustment, 

NOTE *t“ 

Tire 654A Test Oscillator can be 
used in place of the 652A Test 
Oscillator for an output of i volt or 
less, The accuracy is 0,5% without 
readjusting the amplitude at each 
change of frequency. 



/ 
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SYMPTOM 



Table 5-6. Troubleshooting Tips 



l, ' No response to input signal 



2. b)W lit- voltage at TIM or Low 
, It- voltage at TP2 ;• 



3. Low gain at high frequencies 

4. High gain at high frequencies 

5. Low full scale readings 

(», Instrument will not range 
above l volt but works OK nt 1 
volt and below 

7 , Instrument will not range 
below 3 volts but works OK on 
3 volt mnge and above 

8. TP3 voltage can not be 

1 adjusted properly 

<). T 1*5 voltage can not be 

adjusted properly 

10. TIM voltage can not bo 

adjusted properly 

11. TIM voltage varies and meter 
needle wobbles 



1 2. Low line transients 

l:». Transients on range change (IV 
to 3V) 

1,4. Peaking at 5MI!/.(10%) 

15, Voltage slightly low on l mV 
range 

16. Low ‘ullage (10 and 2011/.) 
near full scale 



PROBABLE TROUBLE 



Fuse A2R open. Check power supply voltages. Check AC signal 
according to Paragraphs 5-53 through 5-55 to isolate the area of 
trouble. 

Disconnect jumper wire. Measure resistance to ground at both 
jumper terminals. If 10 ohms on the meter side. Cl 6 or CU s 
shorted. If 100 ohms. £35 oi C29 is shorted; if zero, C8 or O is 
shorted. Disconnect R20 and R28 to isolate the Impedance 
Converter. If low resistance is on power supply side reler to 
Paragraph 5-5 1 and Table 5-7. 

Check A2C22 for open if 10'/ low. Lift A2C39 and check tor 
i oscillations; if no oscillations check A2QI 5 and 16. 

Check A2C30 for an open. 

Check A2CRI5 and A2CRI6. 

Relay Al Kl stuck in closed position. 



7. Relay K2»stuck in closed position. 



8 . 



9, 



10 . 



Extreme condition: chock A2Q5. Q(. 07. Small variation: 

change value of A2RI 8*. (Refer to Table 5-1 1 ). 

AC output circuit. Check A2QI5 and OH. Kofer to Paragrapl 
5-58 and Table 5-1 1 . 

Meter Amplifier Circuit. Check A2Q8 thru 01 L . 



||. Isolate by shorting A2CI7 to ground. If voltage at TP4 still varies 
the trouble is in the Meter Amplifier. 1 Reler to Paragraph 5-54 and 
Table 5-9. If voltage is constant the trouble is in the Impedance 
Converter. Refer to Paragraph 5-55 and Table 5-8. / 

12. Check A2Q3 and 04. (If an old instrument change A2Q4. A2R73 
and R74 to current part number). Check A2CR20 and CR2 1 . 

13. Match reverse resistance of A2CR9 and CRI0. Cheek S’CRl and 
S2CR2. Check relays. 

14. Isolate bv disconnecting orange wire to switch. Voltage at pin 21 
should be same as input. Refer to Paragraph 5-55 or 5-56. 

15. Change value of A2R72* (reler to fublo 5-1 1). 

|b. Check A2QI3, Change value of A2C3I * (Table 5-11). Cliec 
A2C10 and C20. 



548. TROUBLESHOOTING, 

i 1 ' 

5 - 4 - 7 , These procedures should only be performed 
when the 400E/EL can not be calibrated according to 
procedures in Paragraphs 5-32 through 547. If the 



400 E/ EL is slightly out of specifications and can not 
be corrected by the proper adjustment, refer to Table 
5-11 Factory Selected Values; If the 400 E/EL is 
inoperative or completely out of specifications 
proceed as follows: 
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;i. Check (he instrument fur tmy nhvums 
evidence of trouble, such us loose or broken 
wires or broken connectors, Check lor burnt 
or loose components or separations or cracks 
in the printed circuit hoards, Ensure that all 
pins are clean. 

1 i 

b. Isolate the trouble to a particular circuit 
usurp tliohlock diagram Figure 4*1 and tire 
schematic Figure 7-1. Then refer »o the, 
tioubleshooting steps lor that circuit, Fable 
5-0 gives some probable troubles lor sped tic 
symptoms. 

NOTE 

Test i idtagcs in this section and on the schema' 
lie inv nominal. A mleranee of >. hr; is allow- 
able tnul more when srateil. 

5-50. POWER SUPPLY. 

5-51. Check with a de voltmeter (545011) at I PI and 
IP2 lor v 2o soils and - 2o volts respectively. It the 
I P voltages are improper, cheek the voltages listed in 
Table 5-7. II the voltage lor a given component is 
wrong, the trouble is probably in that component or 
its associated circuit . 

Table 5-7. Power Supply Voltages 



, COMPONEN T 


VOLTAGE 


Collector 01 


459 V 


Collector 02 


* 20.5 V 


Emitter 02 


40.98V 


Base 05 


•O.oV 


Collector 05 


-25.5 V 


Collector 0-1 


-59 V 



5-52. AMPLIFIERS. 

5-55. Set the TOOE/EE to the 1 volt range, and 
connect a full scale input. With a sensitive ac 
voltmeter, monitor the ac amplifier output at the 
negative side of A2C54 or A2C50. I he output should 
be !50mV. If it is not l5()mV. measure theae voltage 
at A2 pin 22. lire voltage at pin 22 should be 5m V. If 
these two voltage readings are correct, the meter 
amplifier and meter bridge are operating properly. 

5-54. If the voltage at pin 22 is low. pull the 
wht/orn/yel wire from pin 22. and measure the ac 
signal at the wire. It should he 5mV. If the voltage on 
the wire is proper, the trouble is in tire meter 
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amplifier. If it isn’t correct, the trouble is either In 
the Post Attenuator or tiie Impedance Converter. 

5-55. 'fo check the Impedance Converter, measure 
the ac voltage at its output (A2 pin 21 ). The output 
voltage should be very close to the input voltage since 
the Impedance Converter is a unity gain amplifier. 
With a I volt input, the output should be 0.98 volts 
405)2 volts. 

5 -5 Ci. Boll* the Impedance Converter and the meter 
amplifier are internally de coupled. If the de voltages 
anywhere in the amplifier are incorrect, the amplifier 
won’t operate properly. Consequently a cheek of the 
de voltages is a good check of the amplifiers. 

5*57. Tables 5-8 and 5-9 contain the de voltages on 
all of die transistors in the meter amplifier and the 
Impedance Converter, Sf the measured voltage on a 
given transistor is wrong, the trouble is probably in 
that transistor or its associated circuit. 

NOTE 

Measure these tie vol tones with the input 
\horn\l. A de voltmeter with low input 
eapaeiianee and irrr l.ii;h input resistance must 
he used. The - hp - Model .>‘7.5 OH is reeom- 
mcndei'.. All de ir>//r/,i.v,v are i III 7 ov* 
eepl where otherwise stated. , 

i 

Table 5-K. Impedance Converter Voliagcs 



TRANSISTOR 


E 


B 


C 


05 


(S) -oV 


(Ci)* 


(1))- 14.0V 


Oo 


- 15.5V 


- 14.0V 


-7.4V 


07 


-0.7V 


-7.4V 


-2 1.5 V 


'Cannot b 


e measured. 







Table 5-9. Meter Amplifier Voltages 



TRANSISTOR 


i 

f: 


B 


C 


OK 


1 19 V +20% 


19.5V +20'? 


425.5V 


0*) 


40.02V 


40.57V 


48.5 V 


010 


tS.2V 


48.5 V 


41.8V 


on 


40.9 V 


41.9V 


48.5V 


012 


49V 


48.5 V 


M).7V 


015 


40.7V 


0 


4.0 V 


014* 


45V 


43.5V 


4>0V 


*ln bridge 


circuit. 
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5-60. ADJUSTMENT OF FACTORY SELECTED COM- 
PONENTS. 

5-61. Certain components within the Model 
4Q0E/EL ure individually selected in order to com- 
pensate for slightly varying ciredit parameters. 
These components are denoted by an asterisk (•) 
on the schematic, and the typical value is shown. 
Table 5-11 describes the function of the factory 
selected components and gives instructions for 
their selection. Normally, these components do 
not need to be changed unless another associated 
component is changed. Replacement of a tran- 
sistor, for example, may require the changing o! a 
factory selected component. , 



Table 5-11. Factory Selected Components. 



COMPONENT 


FUNCTION AND SKI FICTION 


AIR4T 


29 to 45.3 ohms. Adjusts high frequency response on the 3 vob range. For low readings 
on the 3 volt range at high frequencies, increase resistance. 


A2C24* 


0 to 24 pF. Adjust 8 and 10 Mil/ frequency response. Normally not loaded. Used to 
raise response. 

*nF 0160-0763 
12 pF 0140-0201 

24 pF 0160-0196 


A2CJ 1 * ! 


18 to 22 gF. Adjusts 10 and 20 11/ frequency response on all ranges. Increasing the 
'apacitance increases the response. 


A2C32* 


39pF to zero. Affects 10 MHz response. 


A2RI8* 


36 kilohms to 68 kilohms. Adjusts the bias level at A2Q5 due to FET variables. When 
A2RI7 will not adjust voltage ni TIM to - 6 volts. If the voltage at TIM is too negative, 
increase the resistance of R18*. 


A2R22* 


294 ohms. Adjust high frequency response at 4 Mil/. For high readings at 4 MHz In- 
crease the resistance of R22. 


A2R50* 


2320 to 3320 ohms. Adjusts low frequence response on the 1 and 3 mV ranges, For high 
readings at 10 and 20 Hz on the I and 3 mV ranges decrease the resistance of R50. Also 
affects high frequency response. 


, A2R51* 


133 to 187 ohms. Adjusts frequency response at 10 MHz. 


S2CT* ’ 


10 pF to 24 pF 500 V. Adjusts the high frequency response on the .01 V and 3 V ranges. 


i S2C3* 


5 pF or 10 pF 500 V. Adjust the high frequency response on the 1 V and 300 V ranges. 


1 A2R72* 


1 10 - 182 ohms. Adjusts to range of the 1 mV, 400 Hz adjustment, A2R44. If readings 
are low and A2R44 will not bring the amplitude within specifications, decrease the 
resistance of R72. ( 


S2C4* 


1.8 to 6.8 gF, 35 vdew. Adjusts 10 Hz frequency response on the 1 mV and 3 mV 
ranges. Increasing capacitance increases response. . 



5 58. 'AC OUTPUT CIRCUIT. * 

5-59. To check the uc output ciicuit, measure the 
dc voltages Kt the points shown in Table 5-10. If a 
given meus\m%l voltage is Incorrect, the trouble Is 
probably in thill component or its associated cir- 
cuit. 



Table 5-10. AC Voltage Output Circuit. 



TRANSISTOR 


E 


11 


C 


i 

! Q15 
QI6 


+ 0.62 V 
0 


i- 1.3 V 
f 0.62 V 


> > 
•O tO 
-i- -t. 



i 






-J 
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hp Model 1Q0E/EL 
AC Voltmeter 
Setu! Mo. - 



PERFORMANCE CHECK TEST CARO 

1 I/I . 

Tevt performed by: 
*’ Djte. 



I Accuracy Chink 



INPUT SIGNAL 



F n*i|tn , n«:y 



10 Hr 
400 Hr 
tOO kMr 
t MM/ 

4 MM/ 
tO MM/ 



10 Hr 
400 Mr 
tOO kHr 
1 MM/ 

4 MM/ 
10 MM/ 



10 H/ 
400 Hr 
TOO kHz 
I MM/ 

4 MM/ 
tOMHr 



10 Mr 
400 Hr 
tOO kH/ 
1 MHr 
4 MHr 
10 MHz 



10 Mr 
400 Mr 
100 k Mr 
1 MHr 
4 MM/ 
tO MHr 



i : 


- 1 


INPUT SIGNAL 


Voltj-r 


F reuuenry 


0.10 V 


tO Mr , 
400 Mr 1 
100 kMr 
t MHr 
4 MM/ 

10 MHr 


0.001 V 


10 Mr 
400 Mr 
100 kMr 
t MM/ 

4 MM/ 



10 Mr 
400 Mr 
100 VM/ 
I MM/ 

4 MHr ’ 



SPECIFICATION 



DC Output IV) 



0 949 t 0.04? 

I 0.004? 
* 0.004? 
» 0.0095 
t 0.047 
0.949 t 0 04? 



0 31G t 0 032 
t 0.0032 
t 0 0032 
t 0 0063 
t 0.037 
0.316 t 0.032 



1.00 t 0 05 
r 0 005 
t 0.005 
t 0010 

t 0.05 
1.00 i 0.05 



0 30 i 0.033 
t 0.0033 
t 0.0033 
t 0.0065 
t 0 033 
0 30 tO 033 



0 949 t 0.047 
t 0 0C4? 
t 0 004? 
t 0.0095 
l 0 04? 

0949 i 0.047 



0 316 t 0.032 
> t 0 0032 
t 0.0032 
i 0.0063 
i 0 032 
0 316 t o n- 



SPECIFICATION 



Me rtf Hi'imIiik) IV) I DC Output IV) 



.100 t .005 
,t .001 
t .001 
t .001 
t 003 
.100 i .005 



.00? t 00005 

I t .00001 
» . 0000 ? 
t .00005 
.001 t .00005 



3 00 t 0 16 
t 0 03 
1 t 0 03 
t 0 03 
t 0 09 
3 00 t 0.15 



t .OO' t 0 to 
t 0.03 
t 0 03 
>, t 0 03 

\ » o oG 

t oo t 0.13 



1.00 * 0 05 

tool 

t 0.0 1 
l ' t 0.01 

| t 0.03 

1 1 00 > 0 05 



0 30 t 0 032 

t 0 01 
tOO? 
tOO? 
t 0 02 

0 30 t 0.03? 



0.30 t .015 
t .003 
' j t .003 

,\ t .003 

t .009 
0 30 t ,015 



.0003 t .000032 

| t .00001 

I t ooooi 

['ll t .000032 
,0003 t .000032 



1 00 r 0.05 
i 0 005 
t 0 005 

t 0 02 

’ t 0.05 



0 30 t 0.033 
t 0,0043 
t 0 0043 
t 0013 
tO 033 



INDICATION 



Meter OC Output 



INDICATION 



OC Output 



1 00 


t 0 05 




t 0 005 




t 0 006 




r 0010 




t 0 05 


1 00 


i 0 05 
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•SECTION V! 
REPLACEABLE PARTS 



6-1. INTRODUCTION. 

6-2. This section contains Information for ordering 
replacement parts. Table 6-i -lists parts dn alphameric 
order of their reference designators and indicates the 
description, -hp- part number of each part, together 
with any applicable notes, arid provides the following: 

a. Total quantity used in the instrument (TQ col- 
umn). The total quantity of u part Is given the 
first time the part number appears. 

b. Description of the part. (See list of abbrevia- 
tions below.) 

e. Typical manufacturer of the part in a five-digit 
code. (See Appendix A for list of manufae- 
* 1 turers.) ' 

d. Manufacturer’s part number. 



6-3. Miscellaneous »parts are listed at the end of Table 
6-3. i 1 

i i 

6 4. ORDERING INFORMATION 

i 1 . 

6-5. To obtain replacement parts, address order or ‘n* 
quiry to your local Hewlett-Packard Meld 01 lice. (See 
Sales and Service for list of office locations.) Identity 
parts h v their Hewlett-Packard part numbers. 

6 6. N0N1ISTED PARTS.. 

6-7. To obtain a part that is not listed, include: 

a. instrument model number. 

b. Instrument serial number. 

c. Description of the part. 

d. Function and location of the part. 



Table 61. Standard Abbraviatlons. 



>»■! W 

• *»JU» 1N«» 

•Iw.h'r p-aa »*>«'» "■* 



k . 

“‘‘I 

...I 



tl, • '* >•».!» , 

•piM-Fa* • 

•jf iMI 



ilMHUhQH 

■H-f* KH) 



*•*..»*• 

•* 

- « #*•.!*-*. #«*r 

Mi fc.MM 10 * F 
kk NO/ 10* *Nf 

•*»•*#• I'll 
»•**#. \*\9* 

• *| *l 

1 ') 

hi. 

»!)>>■- 

n.» r-v t 4 in 
»»»#*••»**• »»**■• 
t 1M1MI IH*»I 

iN-rf-i »*q 
cKk; >0 * 



I »**!•# prM»»* #*»n 
lj»n> »*<•>••*»'»»»* i *#rt- 

r«>( IO ^ 

im J m#*#»r'V *** ** 



potri *.'l 
10 '/ >.•*!» 
..H ">.•'» 



. a, 

. »*a. 

,at> ,ai IH-Maat 
I,* i, »-•* Mw*.*.! 



M*»l# 

*>•» f \ t'v* iH.i.h. > HM«S» 

d<*i|'» pi Up 



I »/M prf *':d »*•* »*•»»-*** 



**►»* '*•! ** *»«> 

1 .*> t^P '’Ml* » ***•0' *'* 

• I»|1 «•» ic*< 






,u^9 I# 

0 * f J» •”!* 
I«rrp 
utMftcwj r * 1 



»«*1** O 

.»• I #<».«<*•) » •'■tl 

.-tfc MT 

ir'#v S 

**4M h * * 

m#«n IH 

1 K 



*» hr* rot ip#* M 
ttminMor 

i »**•**•*«»*'** 
Ipm’W 



I ^i,ih M* 



1 
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Table 6-2, Code of Manufacturers. 



i 

Wr.No.i 


Manufacturer Name 


Address 


008B3 


Songomo Elec Co 


Pickens, SC 20671 


0 1 1 2 1 


AllenBrodloy Co 


Milwaukee, Wl 63204 


0128} 


TRW Semiconductors, Inc, 


Lowndolo, CA 90260 


03292 


CorninQ Gloss Work 


Bradford, PA 16701 


! 03877 


rTronsit/on Electric Corp 


Wakefield, MA 01880 


038Bp 


Py'rofilm Rosistor Co, Inc 


Whippany, NJ 07981 


04062 


Arco Elortro.ilc Inc 


Great Neck, NY 11022 


04200 


Sprague Electric Co 


North Adams MA 01 247 


04713 


Motorola Semiconductor Prod Dtv 


Phoenix A2 85062 


05020 


Wakefield Engineering Inc 


\Vokofiold, MA 01880 


06486 


Ko'urz-Kosch Inc 


Daton, OH 45401 


07263 


Folrchild Semiconductor Div 


Mountain View, CA 94042 


0 7 9 10 


Continor*nl Device Corp 


Hawthorne, CA 902 uU 


11236 


Cts of Borro, Inc 


Borne, IN 4671 1 


14433 


ITT Semiconductor Div 


West Palm Beach FL 33480 


16299 


Elec Component Div 


Raleigh, NC 27604 


19701 


Mepco/Eloctro Corp 


Mineral Wells, TX 76067 


24446 


General Electric Co 


Schonectadv, NY 1230b 


26365 


Grles Reproducer Corp 


Now Rochollo, NY 10804 


28480 


Howlett °ockord Co 


Polo Alto. CA 94304 


■ 56289 


SprAguo Electric Co 


North Adams MA 0 1 247 


70563 


Amperlte Co, Inc 


Union City, NJ 07083 


70903 


Beldon Mfn Co 


Chicogo, IL 60622 


71400 


bussmann Mfg Div 


St. Louis, MO 63121 


72136 


Electro Motive Mfg Co Inc 


Willlmantlc, CT 06226 


72982 


trie Ted 'ological Products, Inc 


Erie, PA 16612 


73138 


Beckman Instruments Holipot Div 


Fullerton, CA 92634 


75042 


TRW Inc Philadelphia Div 


Philadelphia, PA 19106 


75915 


Uttlofuse, Inc 


Dos Plainos, IL 60016 


78189 


I'linois Tool Works Shakeproof Div 


Elgin. IL 60 1 20 


78553 


Tlnnormon Products, Inc 


Cleveland. OH 44141 


81866 


Kemlite Lobortories 


Chicogo, IL 6C622 


82142 


JePcrs Electronics Division 


Du Bols, PA 1b801 


82389 


Rv itchcraft, Inc 


Chicogo. IL 60630 


833U6 


Central Screw Co 


Chicogo, IL 60622 


86684 


RCA Electronic Corp & Devices Div 


Horrlson, NJ 07029 


90201 


Mallory Capacitor Div 


Indianopolis, IN 46206 


91418 ' 


Radio Materials Co 


Chicogo, IL 60622 


93332 


Semiconductor Div Sylvania Elec 


Woburn MA 02158 . 


95712 


Dope Electric Co., Inc 


Franklin. IN 46131 
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RliRiRKNCI: 

DliSKINATOK 



PART NO. 



OtRO 0024 

012101011 

0100 2?0B 
0140 01 9B 
01COW47 



CG83 1005 
0G9B412B 
009B 412!) 
0757-O3H8 
0G841021 



0490 1 206 
0490-1 203 



Tuble 6-3, Replaceable Parts. 



l)l\Sl’RU v HON 



00400-66521 1 I PC Board Ass'ydoput attenuator 



C foil cur 2O,0Q0pF HWl. 20% GOOvdew 
Cv.it 0.20 IbpF GOO Vikw 
o i >«i :t:w 

c f*dmki»200pF i6% 

C: lMtr.nO.Ot |*F MOO 0% 26 vikw , 



It I mI com)) 10 chins »b% 1MW ’ 

It: Ixil piec mu* tin* 10 0 metiobm 1 1/4 v 1/2W 
It: lniiiiruc met flm 31 723 ohms tO 1% 1/2W 
ft; txl flm »). t nltm-i * 1% 1/BVV ?W 
Ft; ImIciXM)* 1000 ohm* f '0% 1/4W 



Switch Assy: Ruud and Coil 
Switch Assy: Reed and Coil 





B41000 05 203Z 

530 007 

lllllt 

RDM16F201J3C 
01 GO OH 4 / 



co tons , 

I’ME 70 

Mf&c r o 

0757 oju;j 

C»$t02t 



0490 1205 
0490 1203 



> V> 



D0400-B6521 1 PC Board Ass'y 



0180 0149 
0100 0050 
0180 0142 
0180 0001 
0180 0100 

0180 Ot 42 
0180 0101 
0150 OOIM 
0180 Ot 19 
0140 0193 

01800137 
0100 0059 
01400190 
01 BO 1735 
0180 1 780 

0180 0373 
0150 0121 
OthO 1793 
01500093 

01800100 

0140 0198 

01500015 
0150 0093 



0121 0030 
0180 0100 
• 0140 0202 
0180- 1 7 79 
0140 0203 

0180 1779 
0180 0354 
0150 0093 

01 BO 0354 
OtBO 0137 



C ImI At elect GGoF ♦ 100% -10% GO vdew 
C foil cur lOOOpF COO vikw 
C fail A1 cletc 20uF ♦ tOO'i. -10 w 25 vitcvv 
0: (ml elect lOOwf *100% 10% 16 vdew 
C ImITu elect 4 7uF t20% 35 vdew 

C ImI At elect 20uF * 100% 10% 25 vdew 
C ImI r it elect 1 Bof *20% 35 vdew 
C iMlcerO.luF *80% 20% 60 vdew . 

C |»(i elect li»F ► 75 % - 10 % 25 vikw 
C: (ml micuB 7 pF 15 % 

C (nil Tu elect lOOid 70 % 10 vdew .V 
C ImI elect lOuF • IvltXS, . 10 % 2 b v.l-.vv 
C ImI micu 39pF * 5 % 

C 1 Ml r it elec t 0 22uF ( 1 0% 35 vdew 
C IxilAI elect OOOuF *75% 10%/IDvdew 

C; »*d Tit elect ,6B >»F t. 10% U&vifcw 1 
C: 1*0 cer. 0. 1 >*F * BO 20% 50 vilcw 
C full At elect 4&0uF * >V'i. tin 3 vdew 
0 1*0 cer duie/ coiH*\i disc OOluF 
*H0% -20% K)v< civ 
C 1*0 Ta elect 4 7.tF 1 10% 35 vile *7 

C: l>0 mik.» 2tJ0|0" *5% 

See 5 1 1 

Of Ml no 2 2||1 t 10 k 500 vdew 
C t ul cer dure/ coaled disc OOluF 
1 80 % 70 % 100 vdew ' 

Not uvHtJiied 

C v.ir cer 5 18 pF , 

C ; l*d I a elect 4. 7uF 1 10"- 35 vd. .v » 
C. 1*0 iiiic.i 15|iF t5% 

C: 1*0 r.) elect 18 mF 35 vikw 
C t*d mo:.» 30)'F 1 5% 500 vdew 

C: 1*0 Ta elect IHuF 35 vdew 
C: t»d In elect 40uF 16% 10 vdew 
C 1*0 cer dme/ coated disc OOluF 
♦80% ‘10% 100 vdew 
c 1*0 ta elect 40uF i5% 10 vikw 
C ImI Taulect tr‘Out- i2U* 10 vdew 



f ype 300 D3G97B 
TypeE ‘’It. 

Type 400 030039 
'30 1) 10/0015004 
SM4 7NF 

T ype 400 1)30030 
SM.1.8NF 

845 722Y5V01047 
30D105G0250A2 t)SM 
m)MI5tB20J3C 

K100J108 
30010000258114 
HDM15E390J3C 
150O224X903 r | A 2 
2J0507C010LJ4 

1 50D68fX9035A2 
SC60BIS CML 
300595 l)SM 

rA «i 

SM4.7NF 

now 1 51201.13c: 

TypeJM Ml 



538 000 5 6 - 18 
SM4.7NF 
IIOM15C160J5C 
1 500 1 80X9036112 
OM15t300J0500WVIf.lt 

150D18GX9035H2 

150D40GX5010B? 

ROMI5EB20J3C 

150040GX5010U2 

KlOailOB 



/• 



? 
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Table 6-3. Replaceable Parts (ContU). 



ri:it:ri;n(1 : . 

DISICiNATOK 


PART NO. 


10 


INSCRIPTION 


Ml R. 


MI R. PART NO. 


C38 


0180 0100 




C: Ixd To elect 4.7»iF i 10% 36 vdew 


14433 


i 

SM4. 7NF 




C39 


0180 0166 


1 


C: fxd Tattled 2 2uF t'J 0% 20 vdew 


66289 


160G220X0020A2 




C40 


oi no oog4 


1 


C: fxii elect 3&uF » 100% -10% 6 vi lew 


66289 


3003400006884 




C4I 


0180 0100 




C: Ixd T« elect 4.7uF ±10% 36 vdew 


14433 


SM4. 7NF 




C42.C43 


0160 0122 


2 


C: Ini) cur 2Q00pF ±20% OOOvilcw 


72982 


801 000 Y6S 202M 




C44 


0160 OObO 




C: fxd cur MWOpF GOO vdew 


01281 


Type E 


Obd 


C45* 


0140 010!) 




C I m 1 mica 240 |)F 6% 


00853 




nbd 


041) ‘ 


0140 020’ 




C bil l2i)Fr»0c) V 


72136 




«Ih» 


CHI rim* CMC 


1901 0033 


a 


Si 100mA ol IV 180 WIV )3|iF 


03332 


D6238 




CM? 


1902 3126 


i 


Diode Si breakdown 6.98V ±2% 400mW 


06486 




obd 


CHB 


1901 0026 


3 


Diode S) 100mA ot * IV 100 plv 12pF 


0333? 


D3072 




CM!), OHIO 


1901 0044 


2 


Diode Si ?0mA ut IV 10mA oi 10V 60 wiv 2pF 


0/910 


SF42 


nbd 


am 


1901 0026 




Diode Si 100mA ill IV 100 ptv 12pF 


93332 


D3072 




CHI? 


190? 322? 


3 


Diode Si breakdown 1 / 4V 16% 400mW 


06486 


52 10930 251 




am ' 


1002 018? 


1 


Diode breakdown 20 6V ±6% 400mW 


06486 




obd 


cnt4 


1902 79 


1 


Diode Si breakdown 11.8V i&% 4U0mW 


06486 




obd 


CHIft.CHIO 


1901 u347 




Diode Si 70mA ot *1V 1.5pF 


hp 






CHW.CHItt 


1902 3090 


2 


Diode: b.eakdown 4 09V 


04713 


SZI0039 94 




31119 


1902 00/7 




Diode bieukiiown 15V i6% )00pF 400mW 


07363 


F21641 




ch?o,ch:m 


190? 322? 




Diode: breakdown 17 4V i5% 


008480 


SZ10039 261 




CM?? 


190 ) 0026 




Diode Si 100mA it IV 100 plv 12pF 


93332 


D3072 




n 


2110 0305 




Fuse; .126A 125V 


2B480 


2110 0301 




01 


1864 0039 


1 


TSTRiSiNPN 2 N 3053 


04713 


2N3063 






1206 0033 


mm 


lleot disopator semiconductor lot A201 


06820 


NF-207 




Cl? 


1864 0033 


mm 


TSTR: RiNPN 2N3391 


24446 


2N330I 




03 


1863 000? 


i 


rsni- SiFNP 2N3645 


0/263 


2N3645 




04 


1863 0000 


i 


rsr» SiPNP2N3l34; 


04/13 


2N3134 






1206 0033 




Men! disuputor semiconductor lor A2Q4 


06820 


NF-207 




06 


1855 008? 


i 


TSfR: Si FETP Channel 


tip. 






06 


1854 00/3 


2 


TSm .SiNPN 2N3478 


86684 


2N34/H 




07 


1863 0009 


2 


TSTH: Si PNP** 


•»»»► 








1206 001B 


1 


Meat Uisoputor semiconductor (or A2Q7 


05820 


NF203 




OB 


IB54 0033 




TSTH: SiNPN 2N3391 


24446 


2N3391 




Q9 


1854 0272 


1 


T5TR. SiNPR” 


•h" 






010 


tB53 0009 




TSTH: Si PNP’ * 








on 


1B54 0073 




TSTR: Si NPN 2N34/8 


i»ut<84 


N34/8 




012,0.3 


1B53 0010 


2 


TSTH: Si PNP* * 


•hp 






QM thru QIC 


1B54 005/ 


3 


TSTR: SiNPN’* 


dip 






HI 


0767 0794 


2 


R; fxd prec met tim 68 1 ohimil% 1/2W 


7&042 


CEA T O 


obd 


R2.R3 


0683 2026 


6 


R: fxd comp 2000 thim 15% W 4W 


01121 


C82026 




H4 


0CB3 0826 


1 


R: fxd comp 6800 ohms 15% 1/4W 


01121 


C8G825 




R6 


0698 4121 


l 


R; fxdprcc met Urn 1 1 3 kilohim t1% 1/8W 


19701 


MF&CTO 


obd 


RG 


009” 3.66 


1 


R: Ixd prec met Mm 4640ohim 11% 1/BW 


7^042 


CEA T O 


obd 


R7.R8 


00B3 2026 


5 1 


R: Ixd comp 2000 ohim *&% 1/4W 


01121 


CB2026 




R9 


0767 0 794' 




H: fxd prec met Mm 68.1 ohms it% 1/2W 


76042 


CEA r O 


obd 


mo 


0757 P4j47 


■ 1 


H: fxdprecmet * m It', 1 kil-ium 11% 1/BW 


76042 


(J L >\ i u 


obd 


HU 


0098 3156 


1 


H: Ixd prec met Mm 14.7 kilohim 1 1% 1/BW 


7604? 


CEA T O 


obd 


HI? 


0083 1216 




R: Ixd 120 niiim 15% I’.MW ’ 


01121 


C61 21 6 




R1U. H14 




' 


Not auKined ' ' 








RI& 


0698 53*14 


1 


R: Ixd prec met llm 301 ohms 1 1% 1/2 W 


hp 


f 




R16 


0683 0B35 


mm 


R: fxd comp 08 kilohim tf>% 1/4;W 


01121 


C86836 




m/ 


2100 2030 


u 


R: vur anti|>|K)t tin 20 kitohms 110% 1/2 W 


73138 


62210 1 




RIB’ 


0683 4/35 


i 


R: fxd comp 4/ kilohim t6% 1/4 W 


01121 


C 84 735 




RIO 


0686 2265 


i 


R: Ixd comp 2? ine'johrrs »5% 1/2 W 


0)121 


EI12265 




R20 


0684 1001 




R; fxd comp 10 ohm ,tlt)% 1/4W 


01121 


cmooi 




R2S 


0/5/0824 




R: fxd prec met Mm 2000 oOmj 1 1% 1/2 W 


7504? 


CECT O 




R22* 


0608 4448 


II 


H: l*il 294 ohms t% l/tii/V 

■ . : i 


16299 


C4 1/8 T0 294R F 










Models 400E/400EI. 



i : i.ki:ncu 

SKiNAlOR 



IWUT NO. 



Tuble 6-3. Replaceable Parts (CoinM), 



in scum on 



Section VI 



07670434 2 

OCR 3 3016 ? 

0C9B 4123 
0GH3222& 

0GB4 )00) 

0698-4422 
0698-2353 
2100 2527 
OCR 4 4721 
0767 0442 

06DB 3200 
076/0401 
0098 3179 
00B4 1011 
2190 2032 

0707 0340 
009B 3434 
009B 3147 
0698 4126 
0093 3202 

I 

2100 2032 
0767 03B1 
0/6/0273 
0767 0410 
0/67 040/ 1 

075/0273 
0098 4434 
0767 02B4 
0GB4 1011 
0/67 0283 

0098 3368 1 

0083 2025 
0093 4497 
076/ 0428 
0083 1035 

2100 0962 t 

0767 0469 
0083 3336 
0/67 0393 1 

0767 0401 

0757 0B24 
0098 4126 
0757 0400 1 

076/0413 1 

0083 4325 2 



0/67 0467 
0 /6 7 0469 
0/57 0402 

0083 1526 

0084 1011 
8150 33/5 



01802151 






1450 0574 1 



II; |x) j)n.>c mot Mm 3060 ohms 1 1 '.’O l/HW 
R . txii comp 390 ohms 16% 1/4W 
H: NR low mot Mm 499 ohms 1 1% 1/82/ 

It : NR comp 2200 ohms 16% I/4W 
H, NR comp 10 ohms 110% 1/42/ 

R: fxd comp 1 270 ohms t 5% 1/4W 
R: NR mot Mm 196 kllohm t 1% l/BW 
H v»r |M)i Im 10 Mlohtrn t 20 % 1/2 W 
R: Ixl comp 4/00 ohms t/-10% 1/42/ 

H lx) met Mm to kilohms 1 1% 1/BVV 

II: Ixl met llm 4G4 kilohms t1% WOW 
M: (xi met Mm 100 ohms it% WBW 
IP Wit met Mm 2660 ohms t 1% WHW 
R: Ixl comp 100 ohms H0% 1/42/ 

M: v.ir pot ll» 100 ohms * 10% 1/2 W 

H: fxl met Mm 10 ohms 11% WOW 
K Ixl met Mm 34 8 ohms 1 1% l/HW 
||: (x) met Mot 19! ohms 11% WIIW 
II: Ixl met Mm 35./ ohms 11% l/HW 
II, Ixi met 11m 40 2 ohms tl% WBW 

II: v.irlio ICOolmis * 10% I/2W 
II: Ixl me l Mot 16 ohms 11% 1/HW 
n. txi met Mm 30»0ohmsil% WBW 
R: Ixl met Mot 30! obots tl% WBW 
fl; Ixhout Mm 200 ohms 11% WBW 

*1: NR met Mot 3010 ohms tt% WOW 
R: (xl omi Mot 2320 ohms 11% WBW 
R: NR met Mot 160 ohms t1% WBW 
II: fxl comp 100 ohms ltO% I/4W 
R | xi) mi; i Mot 2000 ohtOS ll% WBW 

IP Ixl met Mot lOOOohots lt% WBW 
ft NR comp 2000 ohms 16% I/4W 
11 NR met llm 48. 7 kilohms Ll% WBW 
R lx) met Mot 1020 ohms t1% 1/2W 
II: txlcomp 10 kilohms 16% 1/42/ 

H vitr comp pol lirt 3000 ohms 130% 1/4W 
II Nil met Mm 50 2 kilohms 11% WHW 
II NR comp 33 kilohms 16% t/4W 
It: NR met Mm 4/. 6 ohm ± 1% WBW 
II: NR met Mm 100 ohms 11% W8W 

II: NR met Mm 2000 ohms 11% 1/2W 
H: NR met Hot 953 ohms i!% WHW 
It: NR met Mot 00.9 ohms 11% WHW 
R: fuel met Mm 392 ohitts 11% WHW 
ft NR comp 4 3 kilohots 16 % I/ 4 W 

R; NR met Mm 47. 6 kilohms 11% WBW 
R: NR oiet Mm 60 2 kilohms ll% WBW 
IV NR met llm 110 ohms tl% WHW 
R: NR comp 1600 ohms 16% W4W 
R NR comp 100 ohms 10% 1/4 W 
Slntrlm.i Wire: 22AWG, FORMED 



CHASSIS MOUNT ED COMPONENTS 

C: NR 600 pF ► 75 % 10 % 

DS: pilot indicator NE-2E neon in while 
plastic body 



CEA T O 0l)R 

C83915 

MFFC T O ohR 

CU2226 

CB100I 

C4 W3 TO 12/I F 
CEA obR 

02-22 /-I , obR 

CB4/21 

CEA T O ohR 

CEA T O ObR 

CEA TO °bi I 

CEA T O. obi) 

CBIOII 

62-221-1 obR 

MF6C r 0 obR 

CEA T O obR 

CEA obR 

MF/CT-0 «bR 

CEA r-O obR 

02 221 1. 

> CEA T O obR 

CEA «bR 

CEA F C obR 

CEA T O otiR 

CEA T O obR 

CEA obR 

CEA obR 

CBIOII 

CEA obR 

CEA TO obi I 

C82020 

, MFGC r O obil 

CEA r O ' obi! 

CU1036 

MFC 1 obi 

MF4C ob. 

CO 3335 

CEA r o Obi 

CEA T O obi 

CEC T O obi 

MF5C T O ob. 

CEA TO ' Obt 

MF4C obi 

CB4326 

CEA T O obi 

CEA TO obi 

MF4C ob. 

C8ir?5 , 

CBtOll 

ZEIIOHM 






60289 3001010 



28480 1460 0574 






2110 0318 



Fuse' 0.120 A 260 V slow blow 



/MOO MDL 1/8 










r 



Models 400E/40GEI. 



i i-ri-nci. 

SENATOR PARING. 



Table 6-3, Replaceable Parts (Cont’d). 



DI-SC RIP riON 




MI R. PART NO. 



J1 


1760 01 IB 


J2 




J3 


126001 IB 


J4 




J5 


1251-736/ 


Ml 


1120 0919 


M) 


1 1 20 090? 


Mt 


1I20090B 


Rl 


0GB 7 333t 


R7 


7100 0021 


SI 


3101-7 '47 


S2 


00400 61901 


Cl* 


01 GO 0205 


C2 


0130 0014 


C3* 


0160 0205 


C4* 


01 B0-01 00 


CR1.CR? 


1901 0040 


Rl 


07570716 


R2 


0757 0009 


R3 


0 757 01 7B 


R4 


0GDB4I19 


R5 


0008 41 IB 


RG 


0G9B41I9 


R7 


OGOB 41 IB 


R8 


OGOB 41 19 


R9 


OGOB 41 IB 


RIO 


0098 4119 


Rll 


0008 41 IB 


RIP 


OGOB 41 19 


R 13 


0698 411/ 


R 14 


0083 4 736 s 


S2 


0040061902 


S3 


3101-1 234 

l 


S4 


/ 


Rl 


2100 1723 



Connector: UNC Input front ponel 
Connector: DC outputtoee Fi|jure 6-1 for ports) 
Connacibr: UNC AC output rear panel 
Connector: buttery (See Flaunt 6- ) for parts) 
Connector: power cor*,) 



Meter: LO(jf400EL ami 4006 L Option 0?) 
Muter: Linear I40QE unit 4Q0E Option 02) 
Meu, Linear MODE Option 01 only) 



R fxd comp 33 kilohms H0% 1/2W , 
R vor ww lOOnhms *20% M/2W 



S: to»SPSr 3A 2BO V oc-dc 



EAC 301 



Swlklt Ass'y) RANGE 



C: fed lOpFL'K) V 
C vor cur 5 26p ,, j 
C: fxd lOpF 600V 

C: fed To elect 4.7 ► IG% 3B vdew 



Diode- 30tnA at H V 30 piv 2pF 2m 



R: In) met Hm IBOohim t lit 1/4W 
R fxd met Urn 17,1 ohms *1% 1/4W 
R: fxd met Urn 100 ohms 1 1% 1/4W 
R: ixd met Hm .'10 2G ohim tO. 1% 1/4W 
|l: Ixd met Hm ?/,? 4b ohms *0. 1% 1/4W 

R: ftnl met flm 4 10 26 ohms ±0.1% 1/4W 
R fxd met flm 277.48 ohms tO 1% 1/4W 
R fxd met Hm 4I0.2G ohms *0.1% I/4W 
R fxd net flm 277.48 ohins *0.1% 1/4W 
R: fxd met Mm 4!0.2G ohms *0.1% 1/4 V/ 

R fxd met Hm 277,48 ohms *0.1% 1/4W 
R; fxd me; 1 flm 4 10 26 ohms *0.1% 1/4W 
R. fxd met Hm JBO 77 ohms *0,1% 1/4W 
R: fxd comp 47 kilohms >5%)/4W 



[Same us 00400 61901 with S4 added) 



1 t Switch: yule OPOT 11 5/230 V 
rated 6 A 769 VAC 



P/O 00400 G 1902 ass’y 
R: war 200 kl*ohiml20% loa dB toiler 
(Option 02 only) 



EB3331 

IIP 



3101*2147 



657 0G2 COPO 30« 



SM4.7NF 




CEA TO 
CEB T O 
CEB T O 
MFGC T-3 
CEA T O 

MFGCT-3 
CEA T O 
MFGC 7*3 
CEA T O 
MFGC T-3 

CEA T O 
MFGC T-3 
CEA TO 
CB4/35 1 



IIA I247A 
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Section VI 



l-URl.NCi: 
SKIN ATI) K 



Ti 



wi 



-Up- 

RART NO. 



MPI 

MP^ 

MP 3 

MP 4 

MP 6 

MPG 

mp; 

MP 8 

MP 9 

MP 10 

MPU 

MPU 

MP 11 

MPU 

MPI? 

MPt 3 
MP 14 
MP 16 
MP 1 G 
MPI 7 

MPI 8 
MP 19 
MP 20 



MPa i, MP?a 

MP 2 3 , MP 24 

MP 2 B 

MP?t> 



MP 27 



MP 2 B 

MP 2 C 

MP 30 



9100 132! 



8120 1348 






0370 0112 
0370 0113 
03/0 0114 



1400 0084 
00400 06001 
6040 4603 
1400 0031 

00400 oo? n 

00400 00217 
00-100 00220 
00400 00210 
00400 00221 
6020 (>862 

00400 04101 
6000 0703 
6060 0727 
0690 0062 
6000 6838 

00400 04103 
6000 8606 
6000 86/1 



1610 0001 
1610010/ 
1610 0000 
1610 0038 



6040 0/00 
2190 0047 
2370 0013 



TO 



0340-1612 
0380 0059 
0360 0480 
43300496 
1200 0162 

00400 01201 
00400- U 1602 
00400 64101 
/ 120 4609 ’ 
2950 0144 



Table 6-3. Replaceable Parts (ContM). 



DESCRIPTION 



4 

6 

to 



Transformer : line 



Assy; cable AC power corrl set 



MECHANICAL PARTS 

ISeef hjureOll 



Knob: bar w/one arrow black 

Knob: bar (Option 02 only) 3/4 inch ibam black 

Knob: roiintf ret) (Option 02 only) 5/B melt «lnm» 

Not o«!i|nint 

Not ussn)n*'il 

Holder; lose extractor p^st type black 
Shield box: uttemialor . i 

Cirommet. Insulator plastic 
d 1/3 module bit 
Punel rear 

Pan ul. (ront 14006 ond400E Option OH 
Panel Iron* MOOEL ond4Q0EL Opt 01) 

Panel, front (400E Out 02) 

Panel: front MOOEL Opt 02) 

Meter Trim 1/3 module 

Cover: shield box lattemiatorl 
Frame 6X11 wib module 
Foot Ass'y; 1/3 module 
Nut rinnerrttan 
Bracket: cover retainer 

Cover, top with handle 
Cover, side 6 X 1 1 SM 
Cover: bottom 6 X 1 1 SM 



llilif u osi-Assy jnrey/iiil) 

II. M Post Assy Inrey/lilack* 
ilili I Post Assy lorry S 
8 * III Post Simile 



Nor Assiunetl 

Minor tilt stand 1/3 module 
Lock washer , top cover 

Screw: top and bottom cover phillips heixl D 3/ 



MISCELLANEOUS 



insulator: feed thru 
Spacer: captive (tor PC board! 

Terminal: pin matches with 1200 0162 
Beads: seed component siandoll 
Connector: pin recopbcol 

Ground strapi 
Cable 1 power 

Kit: for cover with bardie (includes hardware! 
Label VVarrnn.} 'Warning lor Operator Protectnm' 
Nat Mr* Dtil Cham > 



MIR. 



MER, KART NO. 



•h«v 

70903 I KHS-7041 



• h|»- 
•hp 
•hir 



76016 

hp 

-hp- 

•lip 

-hp- 

-hp- 

•hp. 

bp- 

hp-, 

•hp 

•hp 

•hp 

■hp 

78563 

hp 

•hp 

•hp 

•hp 



l*M- 

•hp- 

hp- 

hp 



342014 



C 8020 632 248 



hp 

781 BO 
81385 


1500 00 


2B480 


0340 1612 


284BO 


0380 0069 


70663 


61038 1 


OOOLP 


2168 


70663 


60804- t 


•hp 




•hp 




•hp 




hp- 

26305 


91 3 HOI 



obi) 
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Section VI 



Models 400E/400EL 




LEFTSIDE VIEW 



BACK VIEW 



MP1B 



Handle included 

With U)P COVDf. 

FJofer to Misc, 0 6 
tor handle kit. 






MPtO 





MPJO 



»MP9 






MPJO 



<■ , 



MP20 






NOTE 

Thu foltowmi) hardware not shown: 

MPJG Nut: t minimum 
MPJ7 Bracket. covt'r tetamer 
MP29 Lock washer: ext*.’rn.il 
MP30 Screw: top and hottom cover 
MP31 Screw: side cover 



hgure 6-1 . Mechanical Parts 
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40t,f/lL- 



■C*-Kk 




6 - 9 / 6-10 











— i 






* . 
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SECTION VII 
CIRCUIT DIAGRAMS 



7*1. INTRODUCTION. 

7-2, Tins section contains a schematic diagram, 
component locator. »uml a Ft hoard component 



layout to he used tor maiiiteitence ami operation ol 
i*.e 400 li/IT.. 

7.3 An explanation of terms ami symbols used as 
reference designators is giv-en in the Schematic Notes. 






SCHEMATIC NOTES 



I PARTIAL REFERENCE DESIGNATIONS ARE SHOW*'* PREFIX WITH 
■ ASSEMBLY OR SUBASSEMBLY DESIGNATION'S) OL.'OTH FOR 
COMPLETE DESIGNATION. ' 

l 

2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS OTHERWISE 
NOTED: 

RESISTANCE IN OHMS 
CAPACITANCE IN MICROFARADS 

DENOTES ASSEMBLY 
DENOTES MAIN SIGNAL PATH. 
DENOTES MAIN FEEDBACK PAUL 



3. 



4 . ALL DC VOLTAGES ARE ±10'/ EXCEPT Till; BASH AND EMITTER OF* 

Q 8 WHICH IS *20'/ . 

5 . * AVERAGE VALUE SHOWN. OPTIMUM VALUE SELECTED AT I* AC l ORY. 
h. f REFER TO BACKDATING CHANGES IN APPENDIX C. 

7 v 2 J & DENOTES WIRE COLOR USING STANDARD COLOR CODE. 

(c.g. 91 H = WHITE. BROWN. GRAY) 

8 . -db Dl/NOTES POWER LINE GROUND. 

9. aJLiDENOTliS CH ASSIS GROUND. 

10. ^7 DENOTES CIRCUIT 0 ROUND (ASSEMBLY). 



7 * 



c 




v 



N 



y- 



f 

i ' 




c y 



» 







































i i 



} 




Mode!: 400F./.(OflEL 



SECTION VIII 

MANUAL BACKDATING CHANGES 



Section VIII 

i 



This manual backdating sheet nukes this manual applicable to earlier instruments. 
Instrument-component values that d.ffer from those in the manual, yet ate not listed m 
the backdating sheet, should he replaced using the part number given in the manual. 



Instrument Serial Prefix 


Make Manual ChenQes 


536-00101 to -01100 


l thru 12, 14 


536-01101 to -01350 


2 thru 12, 14 


536-01351 to -02403 


3 thru 12, 14 


536-02404 to - 04253 


4 thru 12, 14 


536-04254 to -04854 


5 thn .2, U 


536-04855 to -05503 


6 thru 12, 14 


536-05504 to -08353 


7 thru 12, 14 


536-08354 to -09153 


8 thru 12, 14 


536-09154 to -09553 


9 thru 12, 14 


949-09554 to - 09753 


10 thru 12, 14 


0949 A 11853 & Earlier 


j 11.12,14 , 



Instrument Serial Prefix Make Monual Changes 



All 


12 


l H50AI2354 to I208A12853 


V3 


113 1A1 2603 and Earlier 


14 


400 E 1208A07332 & Earlier 
400EL I20«A16379 & Earlier 


15 


1208A18I53 to I13IA12604 


16 


1208A18968& Earlier 


17 


400E 1208A2I368 & Earlier 
40OEL 1208A2I319 & Earlier 


18 


400E 1208A21489 thru 23849 
400 El. 1208A21549 thru 23898 


19 


400E 1208A23848 & Earlier 
400EL 1208A23898 & Earlier 


20 


400E 1208A24068 & Earlier 
400 El. 1208A241 18 & Earlier 


21 


400E 120‘»A24128 & Earlier 
400EL 1208A24168 & Earlier 


22 



CHANGE NO. 1 Transformer mounting and pin receptacles are different but current parts 
should be used. 



Section VI Replaceable Parts and Figure 7-1 Schematic Diagram: 
Change 1 S2C2 to C: fxd JO pF ± 5%; -hp- Part Number 0160-0181. 
Section VI Replaceable Parts ami Figure 7-1 Schematic Diagram: 



CHANGE NO. 2 







Models 400E/400EL 



NOTE. 



If any of the parts listed in Change 2 are changed to values shown in 
Table 6-1 and Schematic Figure 7-1, app parts should be changed. 



Change A2R44 to R*: fxd met flm 150 ohms ± 1%; -hp- Part Number 

0757*0284. . , . 

Change A2R16 to R: fxd comp 82 kitohms ± 5*%; -hp- Part Number 

0683-8235. 

Delete A2R72, A2R73, A2R74, A2CR20, A2CR21, A2C44. 

Change A2Q3 to TSTR: Si PNP 2N3638; -hp- Part Number 1853-0016. 
Change A2Q4 to TSTR: Ge PNP 2N1183; -hp- Part Number 1MO-OW4. 
Change A2R67 to R: fxd comp 390 ohms ± 5%; -hp- Part Number 0683-3915 
and delete A2CR22. 



CHANGE NO. 3 Section VI Replaceable Parts and Figure 7-1 Schematic Diagram 



Delete: A2R67 and A2CR22. 

Change A2C12 to C: fxd 110 pF ± 5%; -hp- Part Number 0140-0194. 



CHANGE NO. 4 Section VI Replaceable Parts 



00400-66502 printed circuit board has different location for relay connections: 
A1K1 and A1K2. Check configuration of relay connections and order part 
numbers shown according to location of relay terminals. 





0490-0195 



0490-0478 0490-0196 

RELAY BOTTOM VIEWS 



0490-0343 



CHANGE NO. 5 Table 6-1 Replaceable Parts and Figure 7-1 Schematic: 



Change A2Q5 to -hp- Part Number 1855-0068 and A2R16 to 82 kilohms ± 
5%, -hp- Part Number 0683-8325. If A2Q5 should be defective, repface both 
A2Q5 and A2R16 with latest part numbers to reduce noise. * 



CHANGE NO. 6 Table 6-1 Replaceable Parts and Figure 7-1 Schematic 



Change fi 2R73, R74 to 4.7 kilohms, -hp- Part Number 068^-4725. Replace 
with latest part numbers to reduce noise produced by A2CR20 and CR21. 



CHANGE NO. 7 Table 6-1 Replaceable Parts and Figure 7-1 Schematic. 



Delete: A2R75. 



CHANGE NO. 8 Table 6-1 Replaceable Parts and Figure 7-1 Schematic. 



Delete: A2C45. 



CHANGE NO. 9 Table 6-1 Replaceable Parts. 



Change J5 nnector power cord to -hp- Part Number 1251-0148. 
Change Pa ad rear to 00400-00202. , 

Change Cord Assy power to 8120-0078. 



\t ►> 
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Models 400E/400EL 



Section VIII 



CHANGE NO. 10 Table 6rl Replaceable Parts. 



Change S3 rear panel switch DPDT 115 V/230 V n -hp Part Number 
3101-0033. 

CHANGENO.il Table 6-1: 

Change A2 Part Number to 00400-66501. 

Change A2C28 to 0130-0016 C: var cer 5-25 pF. ■ 

Change A2R17 to 7100-0093 R: var comp 20 K ± 20% 0.1 W. 

Change A2R31 to 2100-0092 R: var comp 10 K ± 20% 0.15 W. 

Change A2R38 to 2100-0277 R: var comp 100 0 ± 20% 0.15 W. 

Change A2R44 to 2100-1836 R: var comp 100 n ± 20% 0.1 W. 

Change MP27 to 00400-00603 

Page 7-3: 

Change the affected to reflect the above values. 

CHANGE NO. 12 The covers, panel and trim listed on Page 6-6 are for newer brown in- 
struments. Parts for older blue instruments are iisted below. 

MPll 00400-00201 Panel: front (400E and 400E Option 01) 

MP11 00400-00203 Panel: front (400EL and 400EL Option 01) 

MPll 00400-00204 Panel: front (400E Option 02) 

MP1 1 00400-00205 Panel: front (400EL Option 02) 

MPI2 5020-5388 Meter trim: 1/3 module 
MP18 00400-64102 Cover: top with handle 
MP19 5000-0703 Cover: side 6 x 1 1 SM 
1 MP20 5000-0711 Cover: bottom 5 x 11 SM 



CHANGE NO. 13 



Instruments that fall within this band of serial numbers have a 500 n? 
capacitor across the output terminals. This capacitor made the meter response 
too slow and is no longer being used. 



CHANGE NO. 14 Table 6-1 



CHANGE NO. 15 



Change A l to -hp- Part Number 00400-66502. 

Change AIC2 to 0121-0407; C: var 0.7 -3 pF. ■' 

Change A1C3 to 0140-0149; C: fxd mica 470 pF ± 5%. 

Change A1CRI, CR2 to AlO, C6; 0150-0093; C: fxd cer 0.01 /zF. 

Change relays to: A1K1 0490-0194 Relay, Reed and A1K2 0490-0366 Relay, 
Reed. 

Delete coils for Kl, K2. 

Change A2 to 00400-665 II PC Board Assembly (see drawings on Pago 7-3). 
Change A2R22* to 0698-3510 R: fxd 453 ohms 1%. 

Delete S2CI, C3. 

Page 6-3, Table 6-1. Delete A2RI2. 

Page 7-2. Delete A2RI2. 

Page 7-3, Figure 7-1. Delete A2R12. A2Q6 collector is directly connected to 
A2Q7 base. 



CHANGE NO. 16 Page 7-3, Figure 7-1. Delete the blue (6) jumper from A 1 00400-66512 compo- 
» nen: locator drawing. 
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Section VI H 

CHANGE NO. 17 



Models 400E/400EL 



Page 6-6, Table 6-l’. Change MP4 to 5060-0634, Binding post Ass'y: red with 
hardware. ; 

Change MP5 to 5060-0635, Binding Post Assy’y: black with hardware. 
Change MP2I to 0340-0090, Insulator: front double with locating key p/o J2, 
Change MF-22 to 0340-0086, Insulator: rear double without locating key p/o 

J2. 1 i . 

Change MP23 to 034Q-0091, Insulator: front triple in line with locating key 
p/o J4. 

Chaiige MP24 to 0340-0087, Insulator: rear triple In line without locating key 
p/o J4 




Page 6-7, Figure 6-1. Replace Back View drawing with ”'gurc C-l. 



CHANGE NO. 18 ,The A1 PC board, Part Number 00400-66522, is a dire* r replacement for the 
) older AI PC board, Part Number 00400-66512. 



» CHANGE NO. 19 The Part Number for the A1K1 relay was changed from 00400-61905 to Part 
, Numbers 0490-0194 for the reed relay switch and 0490-1028 for the reed relay 

1 , coil. 



CHANGE NO.* 20 Change AIKI Part Number from 0490-1205 to Part Numbers 1490-0194 for 
the reed relay switch and 0490-1028 for the reed relay coil. Also change A1K2 
from Part Number 0490-1205 to 0490-1028 for the reed relay switch and 
0490-0366 for the reed relay coil. 



CHANGE NO. 21 
CHANGE NO. 22 



The SI power switch Part Number 3101-0036 is replaced by Part Number 
3101-2147. 

Table 6-1, page 6-2. Change C18 to 1.8 ftF -hp- Part Number 0180-0101. 
Table 6-1, Page 6-4. Change R29 to 390 ohm, -hp- part Number 0683-3915. 





* 
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SAFETY SYMBOLS 



General Definitions of Safety Symbols Used On Equipment or In Manuals. 



Instruction manual symbol: the product will be marked with this 



A instruction manual symuoi. mv- 

symbol when it Is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 



Indicates dangerous voltage (terminals ted from the interior by 
voltage exceeding 1000 volts must be so marked). 



f OR 



Protective conductor terminal. For protection against electrical 
shock in case of a fault. Used with field wiring terminals to m- 

... .1 . ...» ... .....i U.tl'.vn, 



shock in case ui u ...... 

dicate the terminal which must be connected to ground before 

operating equipment. 



Low-noise or noiseless, clean ground (earth) terminal. Used lor a 
signal common, as welt as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(operating) manual, and before operating the equipment. 



f rame or chassis terminal. A connection to the Irame (chassis) of 
the equipment which normally includes all exposed metal struc- 
ture, s. 



Alternating current (power line). 



Direct current (power line). 



/•vj Alternating or direct current (power line). 



WARNING 



The WARNING sign denotes a hazard, ft calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 



: C AUTION 



The CAUTION sign denotes a hazard. It calls attention to an 
operating procedure, practice, condition or the like, whkh,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 



NOTE: 



The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition of the like, which is essential to 
highlight. 



• y . 
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m MANUAL CHANGES 

-;,p MODEL 400E/EL 
'■ AC VOL ; METER 

Manual Part Number OC ''■00*90020 



Page 5 4, Tabt* 6-3. Replace Table 5-3,, Calibration 
Tolerances, with Table MCI of this Change Sheet. ■ 



) 



> Table MC 1. 






-—* " 




1 Millivolt Range Only 








1 Millivolt Ranga 0 


nly 


Frequency 


Valtaga 

Input 


Mater (mV) 
IS af reading) 


DC Oatput 
(Volts) 


Frequency 

(Hi) 

\ 


Valtaga 

laput 


Miter lnV) 
(% af reading) 


DC Output 
(Volts) 


10 1 


1.00 mV 
0.5 mV 
0.3 mV 


1.00 2 6% 
0.50 ± 7.6% 
0.30 ± 10 8% 


1.00 ± 
0.50 ± 
0.30 ± 


0.05 

0.038 

0.033 


100 k 1 


1.00 mV 
0.6 mV 
0.3 mV 


1.00 ± 1% 
0.60 ± 2% 
0.30 2 3.3% 


1.00 ± 0.005 
0.50 2 0.0045 
0.30 2 0.0043 


40 


1.00 mV 
0.5 mV 
0.3 mV 


1.00 * 1% 
0.50 2 2% 
0.30 ± 3.3% 


1.00 t 

0.50 ± 
0.30 ± 


0.02 

0.015 

0.013 


50C k 


1.00 mV 
0.3 mV 


1.00 2 1% 
0.30 ± 3.3% 


1.00 2 0.02 
0.30 2 0.013 


too 


1.00 mV 


1.00 ± 1% 


1.00 ± 


0.005 


4 M 


1.00 mV 


1.00 2 5% 


1.00 2 0.05 » 


or 

400 


0.5 mV ' 
0.3 mV 


0.50 ± 2% 
0.30 ± 3.3% 


0.50 ± 
0.30 ± 


0.0045 

0,0043 




0.3 mV 


o.3o ± io.e% 


0.30 2 0.033 I 



■i i 



CHANGE 10. 6 applies ta all aerial aambars. I 1 

Table 5 -\l Required Test Equipment should have the follow- 
ing changes made: 

a. The AC Calibrator recommended model 
i ■' '• should be a Fluke 5200A and 621 5A. 

■ . ■ i : 

b. The AC/DC Voltmeter recommended model 
i should be an *hp- Model 3466. 

c. The DC Standard recommended model 
should be a Systron Donner Model M107A 

d. , The Voltmeter Calibrator should be deleted 

from the table. 

1 Uf» 51 Ftpra 6-1. Accuracy Test Setup, should be altered 
to show the use of the Fluke 6200A ACk Calbrator rather 
thin the *hp*Model 745A. 

r*M 54. Hiura 5-2. Accuracy end Frequency Response 
Test Setup, 1 should be altered to ahow the use of the 
Systron Donner Model Ml 07 DC Standard rather than 
the -ho- Model 740A. 

Pape 5-11. Fleers 5-2. Delete paragraphs 6-45, 5-46. and 

6-4 7. 

Pap 5-12. Delete Figure 6-5, Alternate Calibration and Fre- 
quency Test Setup. 



25 June 1984 



ERRATA 

Pap 13. Table 13 (RtpUeaabla Parts). Change the *hp- Pert 
Number of the A1 Assembly from '’00400-66521’' to 
”00400-66522". 

CHANCE NO. I. 40QE: Applies K Serial Number* 120IAJ8944 and 
Above. 

400EL Applies ta Saris! NbikUti 120SA29014 and 

A bsvt. 

Sactien JVI, Table 13 (Replaceable Parti). Do the following 
changes In the table: 



Ref. 

Das. 


4p- Part 
Nmfcr 


Drvcrtptltft 


A2C47 


0180-0100 


Add 4.7 mF 35V Capacitor 


A2Q17 


1853-0010 


Add SM4713 PNP Transistor 


A2Q1S 


1855-0093 


Add F1748 N Channel JFET 


A2R76 


0683-1045 ' 


Add 100K ohms 5% 1(4W Realator 


A2R77* 


0767-0274 


Add 1.12Kchms IS lyBWRssistor 


A2R77* 


0698-3700 


Add 715 ohma \% 1/8W Reaiator 


A2R77* 


06980410 


Add 301 ohma 1% 1'BW Resistor 


A2R78 


0698-3458 


Add 34-3K ohma 1 % 1/8W Resistor 



Sactlaa VII, Flfsre 7-1 {*00 ElEl Sebaraatlc Diagram and Location 
of Ceitpeotatt). Do the following changes In the figure. 

I 

Change the Meter Bridge to the bridge shown In Figure 
C-1. ' 

Change the component locator of the A2 Assembly t-hp- 
Part Number 00400-66521) to the one shown In Figure 
C-2. 



Supplement A for 00400-90020 



r. 



( 

v 



















400E/EL 



manual changes 



page 3 of . 3 



pu&ice BO 7 4NE: Aaaliaa *• AH lariat B»*lart 1 

CHARGE Sli UA^taAnSarW***" ' 

Wt4-- v, T ^u u AMUcwhl« Farn). Change the value and 
^.rt^mbaro?A2R59 from 3K ohmsIPartNumb^ 
2100-09621 to 5K ohms (Part Number 2100-3252). 

CHARGE 10. 1 WOE: Afflict te larial R«**« 1 J0IA2B334 tld 

40QEU Afftlaa t« larial Baakar* 1201A2I4M md 
Akava 

Sadian VI. TaWa 13 'OUflaeaabla Ferial. Do the following 
changes In the table: 



•k* Fart 



PatHytl— 



Add 10pF 600V Capacitor 
Add 30K ohma 6% 1/4W Railator 



S2CC- 0160-2267 
S2R16 0663-3036 

fiKtiaa VII Fta«re 7-1 {WOEIEl ScRaautlc Oli|ra» Mil ■ 81 
S?i[c?.n C . the S2C2 62*2. and S2R3 circuitry 

to the one shown In Figure C-3. 



sic: 

t-»or 



0 001V 



SICS Slftl* 
t0c» V* 



Itoci,, w. Trtl. ITOU*Ik*M« r.ml Do the following 
1 change* In the ttbl*-: 



figure C-3. 

Schematic Diagram Change* (Change *8) 

CHARGE RO. I WOE: AffUaa ta larial Ranker* 120IA2I 371 aad 

U|.< 

460(1: AffHaa ta larial Ranker* 1MIA2I515 aad 

Mm 

, i 

W. TaWa U Wa f laaa a t la Farta). Oo the following 
change* to the table: , 



Rat. 

Da*. 


M Fan 
Um*' 




A2R30* 


0696-4606 


Chang* to 71, 6K' ohm* 1% 1/BW 
Raalator 


A2R30* 


0698-3463 


Chang* to 1J6K ohms 1% 1/BW 
Raalator i 


A2R30* 

1, 


0767-0468 


'Chang* to 130K ohm* 1% ^ 6W 
Raalator 


CHARGE BO. 10. WOE: Afflieite larial Ranker* 120IA2I37I aid 

Alan 

400EL- A ta larial Baafcan 12MA2K1S aad 
Mava 



M- Fan 

Rawkar 



Daacrtftio* 



0696-3463 Chang* to 196K ohmi 1% t'BW 
Raalator 

0160-2237 Chang* to 1.2pF Capacitor 




Product Lino Sales/Support Kay 

Kiy Product Une 
A Analytical 
CM Component* 

C Computer Syrian* Saiat only 

CH Computer Syrian*. Hardware Sa4i and Service* 

CS Computer System* Softwara Saiat and Sendee* 

HP Madicat Product* Primary SRO 
MS Kadteat Product* Secondary SRO 
R PmomI Computation Product* 

” SMa* only for apadfle product In* 

SupJWt only for ipecMc product In* 

"*** tee * , ~ HP wpport 

HP distributors are printed in Itafcs. 

HEADQUARTERS OFFICES 

S«Si!l« S ««?" ‘ SlKl CMK ' m 01 **“ 



SALES & SUPPORT OFFICES 

Arranged alphabetically by country 



NORTH/CENTRAL AFRICA 

Hewlett-Packard S.A. • 

7, Rue du Bois-du-Lan 
CH-t2l?ME¥RIN 2, Switzerland 
let; (022) 83 t2 12 
Tdex; 27835 hpse 
Cable: HEWPACKSA Geneve 

ASIA 

Hewlett-Packard Asia Ltd, 

6th Floor, Sun Hung KeJ Centre 
30 Harbour Rd„ 

G.P.O. Box 7B5 
HONGKONG 
Tel: 5-832 32it , 

After M 1 , 1984 . 

47th i ioor, China Resources Bldg. 

26 Harbour Rd., Wanchai 
HONG KONG - 
Telex: 66678 H2WPA HX 
Cable: HEWPACK' HONG KONG 

CANADA 

Hewlett-Packard (Canada) Ltd. 

6877 Goreway Drive ! 
MISSISSAUGA, Ontario LAV 1M8 
Tel: (416) 678-9430 
Telex: 610-492-4246 

EASTERN EUROPE 

Hewlett-Packard Ges.m.b.h. 

UeWgasse 1 

P.O.Box 72 l < 

A- 1222 VIENNA, Austria , 

Tel: (222) 2365 1 TO ’ ] 

Telex: 1 3 4425 HEPA A 

NORTHERN EUROI-E . 

Hewlett-Packard S, A. 

LBenstede 475 / 

P.O.Box 899 

NL’IICO AZ AMSTELVnK , 

The Netherlands ' 

Tel: 20437771 ; 

SOUTH EAST EUROPE 

Hewlett-Packard S.A. ' 

7, Rue Ai Bcis-du-Lan 1 
CH“12t7 IKYPtN 2, Switzerland 
Tel: (022) 83 12 12 t ,> 

Telex: 27835 hpsi / , 

Cable: HEWPACKSA Geneve 



OTHER EUROPE 

Hewlett-Packard S.A. 

P.0, Box 

150, Rte du Nant-D'Avril 
CH-1217MEYR1N 2 , Switzerland 
Tel: (022) 83 8111 
Telex: 22488 hpsa 
Cable: HEWPACKSA Geneve 

mediterranean and 
middle east 

Hewlett-Packard S.A. 
Medterranean and Mktfe East 
Operations 
A Irina Centre 
32 Kllissias Ave. 
Paratissos-Amarousion, ATHENS 
Greece 

Td; 682 88 11 
.Telex: 21-6588 HPAT GR 
Cab*': HEWPACKSA Athens 

EASTERN USA 

Hewlett-Packard Co. 

4 Choke Cherry Road 
ROCKVILLE, UD 20850 

Tel: (301)258-2000 

MIDWESTEnk USA 
Hewlett-Packaro Co. 

, 5201 ToUview Drive 
ROLLING MEADOWS, L 60008 
Wf (312)255-9000 

SOUTHERN USA 

Hewlett-Packard Cn t 
2000 South Park Piece 
P.O. Box 105005 * 

ATLANTA, GA 3.7346 
Tel: (404) 955-1500 

WESTERN USA ' 

Hewlett-Packard Co, 

3939 LAnkershlm Btvd. 

P.O. Box 3919 
10SANGELIS;CA 91604 
) Tel: (2 13) 506-3700 

OTHER INTERNATIONAL 
AREAS 

Hewlett-Packard Co. 
Intercontinental Headquarters 
3495 Deer Creek Road 
PALO ALTO, CA 94304 
Tel: (415) 857-1501 
Telex: 034-8300 
Cable: HEWPACK 



ANGOLA 

Tetectra 

impress Ttfcnlca de iquipamenfos 
R. Barbosa Rodrigues, 4 N D l 
Caixa Postal 6487 
LUANDA 

Tei: 35515,35516 
IP 

ARGENTINA 

Hewlett-Packard Argentina S.A. 
Aventda Santa Fe 2035 
Martinez 1640 BUENOS AIRES 
Td: 798-5735. 792-1293 
Tdex: 17595 BIONAR 
Cable: HEWPACKARG 
A.E.CH.CS.P 
Biotron S.A.CIM e l 
AvPaseoCoton22l,Pi$o9 
1399 BUENOS AMS 
Tel: 30-4846, 30-1851 
Telex: 17595 BIONAR 
u 

AUSTRALIA 

Adelaide, South Australia 
Office 

Hewlett-Packard Australia Ltd. 

153 GreenhiB Roao 
PARKSJOE, S.A. 5063 
Td: 272-5911 
Tdex: 82536 
Cable: HEWPARD Adelaide 
A*,CH 1 CM„E,MS > P 

Brisbane, Quaanaland Offlca 
Hewlett-Packard Australia Ltd. 

10 Payne Road 

THE GAP, Queensland 406 1 

Td; 30-4133 

Telex: 42133 

Cable: HEWPARD Brisbane 

A.CH.CM.^M.P 

Canberra, Australia , 

Capital Tarrltory 
Offlca 

1 Hewlett-Packard Australia Ltd. 

121 WoBonoong Street 

FYSHW1CK, A.C.T. 2609 

Tel: 80 4244 

Tdex: 62650 

Cable: HEWPARD Canberra 

CH.CM.E.P 

Melbourne, Victoria Offlca 
Hewlett-Packard Austrafia Ltd. 

31-41 Joseph Street 
BLACKBURN, Vkttorla 3130 
Td: 895-2895 
Tdex: 31-024 

Cable: HEWPARD Melbourne 
A.CH.CM.CS.E.MS.P 

Parth, Western Australia 
Office 

Hewlett-Packard Australc Ltd 
261 Stiffing Highway 
CLAREMONT, W.A. 6010 
Td: 383-2188 
Tdex: 93859 
Cable: HEWPARD Perth 
A.CH.CM.E.MS.P 



Sydney, New South Waiaa 
Offlca 

Hewlett-Packard Australia Lid. 

17*23 Talavera Road 

P.O. Box 308 

NORTH RYDE.N.S.W. 2113 

Td: 887-1611 

Tdex; 21561 

Cable: HEWPARD Sydney 

A,CH.CM,CS.E,MS,P 

AUSTRIA 

Hewlett-Packard Ges.m.b.h. 

Grottenhofstrasse 84 

A-8052 GRAZ 

Td: (0316) 291566 

Tdex: 32375 

CH,E 

Hewlett-Packard Ges.m.b,h. 

Ueblgasse 1 

P.O. Box 72 

A- 1222 VIENNA 

Tel: (0222) 23 65 11-0 

Tdex: 134425 HEPA A 

A,CH,CM,CS,E,MS,P 

BAHRAIN 

Green Salon 
P.O. Box 557 
Manama 
BAHRAIN 

Tei: 255503-255950 
Telex: 84419 
P 

Waei Pharmacy 
P.O. Box 648 
BAHRAIN 
Teb 256123 
Telex: 8550 WAEL BN 
f, :c,u 

BELGIUM 

Hewlett-Packard Betgkxn S.A./N.V. 

Btvd de la Wokrwe, 100 

Woluwedat 

B-1200 BRUSSELS 

Td: (02) 762-32-00 

Tdex: 23-494 paloben rw- 

A,CH,CM,CS,E,MP,P 

BRAZIL 1 > 

Hewlett-Packard do Brasil Le.C, Lida. 
Alameda Rio Negro, 750 
AlphavBe 

06400 BARUERtSP 
Td: (011)421.1311 
Tdex: (Oil) 33872 HPBR-BR 
Cable: HEWPACK Seo Paulo 
A.CH.CM,CS,E,M,P 

Hewlett-Packard do Brasil Le.C. Lida. 
Avenkla Epitaclo Pessoa, 4664 
22471 RIO DE JANEIRO-RJ 
Td: (021) 286.0237 
Tdex: 021-21905 HPBR-BR 
Cable: HEWPACK Rio de Janeiro 
A,CH.CM,E,U$,P* 

AAAJJEDI.CH, Ltda. 

RuaBage, 103 
04012S40PAUL0 
Tel: (Oil) 570-5726 
Telex: 021-21905 HPBR-BR 



) 



fTl SALES & SUPPORT OFFICES 

[=7^ Arranged alphabetically by country 

IrJ 



CANADA 

Alberta 

Hewlett-Packard (Canada) ltd. 

3030 3rd Avenue N.E. 

CAlQAAlf, Atoerta T2A 6T7 
Tet: (403) 235-3100 
AtCH.CM.E'.MS.P* 

Hewlett-Packard (Canada) Ltd. 
t!120A«178th Street 
EDMONTON, Abcrta T5S 1P2 
Tet: (403) 486-0666 
A,GH.CM,CS,E,MS,P 

Brttlih Columbia 
Hewlett-Packard (Canada) ltd. 

1069 1 ShetxkJge Way 
HCt MONO 

British Columbia V6X 2W7 
Tet: (604)270-2277 
Telex: 610-922-5059 
A,CH,CM,CS,E* ,MS,P * 

Manitoba 

Hewlett-Packard ICanada) Ltd. 
380-550 Century Street 
WMMPCQ, Manitoba R3H0Y1 
Tel: (204)786-8701 
A.CH.CM.E.MS.P' 

Nova Scotia 

Hewlett-Packard (Canada) ltd. 
P.O.Box 931 
900 WlndmU Road 
DARTMOUTH, Nova Scotia B2Y 3Z6 
Tet: (902) 469-7820 
CH.CM,CS,E*,MS,P* 

, Ontario 

Hewlett-Packard (Canada) ltd. 

, 3325 N. Sendee Rd., Unit 6 
BURLINGTON, Ontario P3A 2A3 
Tet: (416) 335-8644 

CS,M* 

Hewlett-Packard (Canada) ltd. 

552 Newbotd Street 
LONDON, Ontario N6E2S5 
Tel (5 19) 686-9181 
A.CH.CM.E'.MS.P* 
Hewlett-Packard (Canada) Ltd.' 
6877 Goreway Drive 
M&SJSSAUGA, Ontario L4V 1M8 
Tet: (416) 678-9430 
A.CH, CM.CS, E.MP.P 
Hewlett-Packard (Canada) ltd. 
2670 Queensvlew Dr. 

OTTAWA, Ontario K2B8K1 
Tel: (613) 820-6483 
A,CH,CM,CS,E*,MS,P* 
Hewlett-Packard (Canada) ltd. 
220 Yorkland BNd., Unit #11 
WliOWDAU, Ontario M2J 1R5 
Tet: (416) 499-9333 
CH 

Quebec 

Hewlett-Packard (Canada) ltd 
17500 South Service Road 
Trvtt-Ctfada Hghway 
WMOAND, Quebec H9J2M5 
Tet (514)697-4232 
A,C8,CM,CS,E,MP,P * 
Hewlett-Packard (Canada) ltd. 
les Gaieries du Valon 
2323 Du Versont Nord 
BTE.FOY, Quebec GIN 4C2 
Tet (418) 687*4570 
CH 



.CHILE 

Jorge Cakxgnl y Ott, Ltda. 

Av. ftaSa 634 Santiago 
CesXa 16475 
SANTIAGO 9 
Tat 2220222 
Telex: Pubic Booth 440001 
A CMC# 

Ofympla(Chle)Ltda. 

Av. Rodrigo de Anya 1045 

CasMa256-V 

SANTIAGO 21 

Tel: (02) 22 55 044 

Telex: 240-565 OL HUP CL 

Cable: Otympiacbto Santiagochle 

CHyCSP ' 

CHINA, People'* Republic of 

China Hewlett-Packard Rep. Office 
PO, Box 418 
1A Lane 2, Luchang St. 

BeiweiRd., Xuanwu District 
BEUtNG 

Tel: 33-1947, 33-7426 
Telex: 22601 CTSHPCN 
Cable: 1920 
A,CH,CM,CS,E,P 

COLOMBIA 

Instnimentactin 

H. A. Langebaek A Kler S.A. 

Carrera 4A No. 52A-26 
Apartado Aereo 6287 
BOGOTA 1, DI. 

Yet: 212-1466 
Telex: 44400 PST CO 
Cable: AAftiS Bogota 
(MEM 

Casa Humboldt Ltda. 

Carrera 14, No. 98-60 
Apartado Aereo 51283 
BOGOTA 1, D.E. . , 
ret- 256- 1686 
Jefex: 45403 CCAL CO. 

COSTA RICA 

Oentifica Coslamcense S.A. 

Avenkia 2, Cate 5 1 
Sin Pedro de Montes de Oca 
Apartado. 10 1 59 
sanjose 

Tet 24-38-20, 24-08-19 
Telex: 2367 GALGURCft 

CU.EM 

CYPRUS 

Tclerexa Ltd. 

P.O. Box 4869 
14C Slassinos Avenue 
NICOSIA 
Tel: 62698 

Telex: 2894 LEYCOCY 
EMPi 

DENMARK 

HewtetiPackard A/S 
Dative] 52 
0K-3460 MRXIROO 
Tet: (02) 81-66-40 
Telex: 37409 hpas * 
A.CH.CM.CS.E.MS.P 
Hewiett-Packarc! MS 
RdQhedsvei 32 
0K-8240 RISSXOV,' Aarhus 
Tet (06) 17-60-00 
Telex: 07409 hpas dk 
CH,E 



DOMINICAN REPUBLIC 

IMcroprogSA. 

Juan Tomts Mejb y Cotes No, 60 
Arroyo Hondo 
SANTO DOimO 
Tet: 565-6268 

Telex: 4510 AflENTA DR (RCA) P 

ECUADOR 

CYEDEOa.Ltda. 

Avenkfe Ehy Alfaro 1749 
CasMa 6423 CO 
QUITO 

Tet 450-975, 243-052 
Telex: 2548 CYEDE ED 
CU.E.P 

Hospitalers A 
Robles 625 
Ca$Be3590 
QUITO 

Tat 545-250, 545-122 
Ta/sx 2485 HOSPTL ED 
Ctbie: HOSPITALAR-Quito 

u 

EGYPT 

International Engineering Associates 
24 Hussein Hegaif Street 
Kasr-et-Aini 
CAIRO 

Tat 23829, 21641 
Telex: £4 UN 93830 
CHCS.EM 
EGYPOR 
P.O, Box 2558 
42 El Zahraa Street 
CAIRO, Egypt 
Tet650021 
. Telex: 93 337 
P 

EL SALVADOR . 

PESAdeEISatvedorSA 
29 Avenlda Norte 1216 
SAN SALVADOR , 

Tet 26-6858, 26-6868 < 

Telex: 20539 PESASAL 
A,CH,CHC$,E,P . 

FINLAND 

Hewletl-Packard Oy 
RevonUenbe 7 
PL 24 

SF-02101 18P00 10 
Tel: (90) 4550211 
Telex: 121563 hewpa sf 
CH.CM.CS, P 
, Hewlett-Packard Oy 
(Otarirtuoma 7) 

PI 24 

02101 ESPOO 10 
Tel: (90) 4521022 
A.E.MS 

Hewtett-Packerd Oy 
Aaloksenkatv 10-C 
Sf -40720-72 JYVASKTLA 
Tet: (941) 216318 
CH 

Hewtett-Packard Oy 
Kainvuitie 1-C 
SF-90140-14 OULU 
Tet (981)338785 
CH 



FRANCE 

Hewtett-Packard France 
Z.I. Mercure B 
RueBerthetot 
F-13763 Les MWes Cedex 
AlX-CAfftOVENCE 
Tet: 16(42)59-41-02 
Tetex: 4 10770F 
A,CH,E,MS,P* 

Hew'itt-Packard France 
64, rue Marchand SaAant 
F-61000 ALENCON 
Tet: 16(33)29 04 42 
Hewlett-Packard France 
Botte Postale 503 
F-25026 6E8ANC0N 
28 nre de la RepuWque 
F-25000 BC8ANC0N 
Tet: 16 (81) 83-16-22 
CH.M 

Hewlett-Packard France 
13, Place Napoleon N 
F-29000 BREST 1 
Tet: 16 (98) 03-36-35 
Hewtett-Packard France 
Chembi des Mouties 
Botte Postale 162 
F-69130ECUUY Cedex (Lyon) 
Tet: 16(78)833-81-25 
Tetex. 310617F 
A.CH.CS.E.MP 
Hewlett-Packard France 
Tour Lorraine 
Boulevard de France 
F-91035EVRY Cedex 
i Tet: 18 6 077-96-60 
Tetex: 692315F 
E 

Hewlett-Packard France 
Parc d'Acbvite du Bois Briard 
Ave. du lac > 

F-91040EVRY Cedex 
Tet: 16 6 077-8363 
Telex: 692315F 
E 

Hewlett-Pack aid France 
5, avenue Raymond Chanes 
F-38320 EYKNS (Grenoble) 

Tet: 16(76)25-81-41 

Tetex: 980124 HP GRENOBEYBE 

CH 

Hewtett-Packard France 
Centre d‘ Affaire Parts-Nord 
BAtknenl Ampire 5 4tape 
Rue de la Commune de Paris 
Botte Postale 300 
F-93153LE BLANC MESNA 
Tet: 16(1)865-44-52 
Tetex: 21 1032F 
CH.CS.E.MS 
Hewlett-Packard France 
Parc d’Actfvtis Cadera 
Quarter Jean Mermoz 1 
Avenue du President JF Kennedy 
F-33700 MERIGNAC (Bordeaux) 
Tet: 18(56)34-00-84 
Telex: 550105F 
CH.E.MS 

Hewlett-Packard France 
himueble *Les 3 B“ 

Nouveau Chemtn de la Garde 
ZAC de Bots Brland 
F-44085 NANTES Cedex 
Tet: ie (40) 50-32-22 
CH** 



i 




FRANCE (Cont’d) 
Hewtett-Packard Franca 
125, rue ou Faubourg Bannier 
F-4 5000 ORLEANS 
Tel: 16 (38) 68 01 63 
Hewlett-Packard France 
Zone Industrie^ de Courtabocul 
Avenue bet Tropkjues 
F-91947 Lea UKs Cedex ORSAY 
Tel: (6) 907-78-25 
Tetex: 600048F 
A,CH,CM,CS,E,MP>P 
Hewlett-Packard France 
Paris Porte-Maitot 
15, Avenue de L'Amkat Brvtx 
F-75782 PAWS CEDEX 16 
Tel: 16 (1)502- 12-20 
Tetex: 613G53F 
CH.US.P 

Hewlett-Packard France 
124, Boulevard Tourasse 
F -84000 PAU 
Tel: 16 (59) 80 38 02 
Hewlett-Packard France 
2 Atte de (a Bourgonnette 
F-35100 RENNES 
Tel; 16(99)51-42*44 
Telex: 7409 12F 
CH,CM,E,MS,P* 

Hewletl-Packard France 
98 Avenue de Bretagne 
F-76100 ROUEN 
Tel; 16 (35) 63-57-66 
CH**,CS 

Hewlett-Packard France 
4 Rue Thomas Mann 
Boite Postale 56 
F-67033 STRASBOURG Cedex 
Tel: 16 (88) 28-56-46 
Telex: 890141F 
CH.E.MS.P* 

Hewlett-Packard France 
Le PMpote . 

20, Chemln du Pigeonnier de la 
CEptere 

F-3 1083 TOULOUSE Cedex 
Tel: 16 (61) 40-1 M2 
Telex: 531639F 
A,CH,CS,E,P* 

Hewlett-Packard France 
9. rue Baudin 
F-26000 VALENCE 
Tel: 16(75)42 76 16 
Hewlelt-Psckard France 
Carotor 

ZAC de Bols Briand 
F-57640 VKSY (Met 2 ) 

Tel: 16 (8) 771 20 22 
CH 

Hewlett-Packard France 

Immeuble PWcentre 

F-59658 VWLEKUYE D'ASCO Cedex 

Tel: 16(20)91-41-25 

Telex: 160124F 

CHE, MS, P* 

GERMAN FEDERAL 
REPUBLIC 

Hewlett-Packard GmbH 
GeschWlssleBe 
Keithstrasse 2-4 
0-1 000 BERLIN 30 
Tel: (030) 24-90-66 
Telex: 018 3405 tybln d 
A,CH,E,M,P 
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Hewlett-Packard GmbH 
GeschBftsstefle 
Herrenberger Stress* 130 
D-7030BC3UN6EN 
Tel: (7031) 14-0 
Telex: 

A,CH,CM,CS,E,MP I P 
Hewletl-Packard GmbH 
GeschSItsstelle 
Emanuel-Leufee-Strasse t 
D-4000 DU5SELOORF 
Tel: (0211) 5971-1 
Telex: 085/86 533 hpdd d 
A.CH.CS.E.MS.P 
Hewlett-Packard GmbH 
GeschEltssleDe 
ScNeefstr, 28a 
D-4600 DORTMUND - Apler beck 
Tel: (0231) 45001 
Hewletl-Packard GmbH 
Vertrtebszentrale Frankfurt 
Berner Strasse 117 
Postfacb 560 140 
D-6000 FRANKFURT 56 
Tel: (06 11) 50-04-1 
Telex: 04 13249 hpffmd 
A.CH.CM.CS.E.MP.P 
Hewletl-Packard GmbH 1 
GeschUflsstefle 
AussensteUe Bad Homburg 
Louisenstrasse 115 
D-6380 BAD HOMBURG 
Tel: (06172) 109-0 
Hewletl-Packard GmbH 
GeschSftsstetle 
Kapstadtrlng 5 
D-2000 HAMBURG 60 
Tel: (040) 63804-1 
Telex: 02 1 63 032 hphhd 
A,CH,CS,E,MS,P 
Hewlelt-Packard GmbH 
GeschBfiaslette 
Hddering 37-39 
D-3000 HANNOVER 61 
Tel: (051 1)5706-0 
Telex: 092 3259 
A,CH,CM,E,MS,P 
Hewletl-Packard GmbH 
GeschUftsstefle 
Rosslauer Weg 2-4 
D-6600 MANNHEIM 
Tel: (0621) 70050 
Telex: 0462105 
A.C.E 

Hewtett-Packard GmbH . 

GeschBttsstelle 

Messerschmlttstrasse 7 

D-7910NEU ULM 

Tel: 0731-70241 

Tetex: 0712816 HP ULM-D 

A,C,E* 

Hewtett-Packard GmbH 
GeschEftsstefle 
Ehhericherslr, 13 
0-8500 NORNBERG 10 
Tel: (09 11) 5205-0 
Telex: 0623 860 
CHCM.E.MS.P 
Hewtett-Packard GmbH 
Geschlflsslele 
Eschenstrasse 5 
0-8028 TAUFKIRCHEN 
Tel: (089) 6 117-1 
Telex: 0524985 
A,CH,CM,E,M$.P 



GREAT BRITAIN 
Sn« United Kingdom 

GREECE 

Kostas Keraynnfs SA 
8 Omkou Street 
ATHENS 133 

Tet: 32 30 303, 32 37 371 

Tetex: 215962 RKAR GR 

A,CHCU,CS,(MP 

PLAtStOSA 

G. Gerardos 

24 Stoumara Street 

ATHENS 

Tet: 36' 11' 160 

Telex: 221871 

P 

GUATEMALA 

PESA 

Avenlda Reforms 3-48, Zona 9 
GUATEMALA CITY 
Tet: 316627, 314786 
Tetex: 4192 TELTROGU 
ACHCU.CS, IMP 

HONG KONG 

Hewtett-Packard Hong Kong, Lid. 

G.P.O. Box 7G5 i 

5th Floor, S».n Hung Kai Centre 

30 Harbour Road 

MONO KONG 

Tel: 5*8323211 

Tetex: 66678 HEiVPAHX 

Cable: HEWPACK HONGKONG 

E.CH.CS.P 

GET Ltd. . 

1402 Tug WahUansioi. 

199-203 HennessyRd. 

Wanchla, HONG KONG 
Tet: 5-729376 
Tetex: 85148 CETHX 

04 

Schmidt 6 Co. (Hong Kong ) Ltd. 

Wing On Centre, 28th floor 
Connaught Road, C. 

HONGKONG 
Tet: 5-455644 
Tetex: 74766 SCHUXHX 
A.U 

ICELAND 

Elding Tracing Company Inc. 

Hafnamvotf- 7/yggvagotu 

P.O. Box 815 

tS-REYKJAVK 

Tet: 1-58-20, 1-63-03 

u 

INDIA 

Computer products are sold through 
Blue Star Ltd. At computer repairs and 
maintenance service Is done through 
Computer Maintenance Corp. 

Glue Star Ltd, 

Sabri Compk.' E Floor 
24 Residency Rd. 

BANGALORE 560 025 
Teh 55660 
Tetex: 0845-430 
Cable: BLUESTAR 

ACH’.CU.CS’.E 

< i 



Blue Star Ltd. 

Band Box House 
Prabhadevi 
BOdtAY 400 025 
Tet: 422-3101 
Telex: 011-3751 
Cable: BLUESTAR 
AM 

Blue Star Ltd. 

Sahas 

414/2 W Savarkar Marg 
Prabhadevi 
BOMBAY 400 025 
Tet: 422-6155 
Tetex: 011-4093 
Cable: FROSTBUIE 
A.CH*. CMOS ’EM 
Blue Star Ltd. 

Katyan, 19 Vlshwas Colony 
AJkapuri, 80R0CA, 390 005 
Tet: 65235 
Cable: BLUE STAR 
A 

Blue Star Ltd. 

7 Ha/e Street 
Calcutta 700001 

Tet: 12-01-31 
Tetex: 021-7655 
Cable: BLUESTAR 
AM 

Blue Star Ltd. 

133 Kodambakkam Ugh Road 

MADRAS 600 034 

Tet: 82057 

Tetex: 041-379 

Cable: BLUESTAR 

AM 

Blue Star Ltd 

Bhandart House, 7th/8th Floors 
91 Net xu Piece 
NEW DELHI 110024 \ 

Tel: 682547 
Telex: 031-2463 
Cable: BLUESTAR 
ACH’, CUCS’, EM 
Blue Star Ltd. 

15/J6:C WethsJey Rd. 

PUNE 411 Oil 
To: 22775 
Cable: BLUE STAR 
A 

Blue Star Ltd. 

2-2-47/1 108 BotarvmRd. 
SECUNDERABAD 500 003 
Teh 71057 
Tetex: 0155-459 
Cable: BLUEFROST 
AE 

Blue Star Ltd. 

T.C 7/603 Poomima 
Maruthankuzhi 
TRIVANDRUM 695 013 
Tel: 65799 
Telex: 0684-259 
Cable: BLUESTAR 
f 

Computer Maintenance Corporation 
Ltd. 

115, Sarojhi Oevt Road 
SECUNDERABAD 500 003 
Teh 310-184, 345-774 
Tetex: 031-2960 1 

CH” 
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INDONESIA 

BERCA Indonesia P.T. 

P.O.Box 496/M 

J. AbdJUuis 62 

JAKARTA 

Tet 21-373009 

Telex: 46748 BERSALiA 

Cable: BERSAL JAKARTA 

P 

BERCA Indonesia P.T. 

P.O.Box 2497/ Jkl 

Alton BUg., 17* Floor 

JL Medan Ucrd&ta Sdatan 17 

JAKARTA44JSAT 

Tet 21-344-181 

Telex: BFRSALIA 

ACSJ.U 

BERCA Indonesia P.T. 

P. 0. Box 174/S8Y. 

X. KuteiNo. 11 
SURABAYA 
Tot 66172 

Telex: 31146 BFRSAL SB 
Cable: BERSAL-SURABAYA 
A'MP 

IRAQ 

Hewlett-Packard Trading S.A. 

Service Operation 

A1 Mansoor City 98/3/7 

BAGHDAD 

Tel: 551-49-73 

Telex: 212-455 HEPAIRAQ K 

CH.CS 

IRELAND 

Hewlett-Packard Ireland Ud. 
B2/83 Lower Leeeon Street 
DUBLIN 2 

Tel: 0001 608800 

Telex: 30439 

A.CH.CM.CS.E.M.P 

CerdMc Services Lid. 

KiknoreRoed 

Arlene 

DUBLIN 5 

Tel: (01)351820 

Telex: 30439 

u 

ISRAEL 

Fklen Electronic kutmment Ltd. 
P,O.Box 1270 
JVtUSAUM 91000 
16, Ohalav St. 

JERUSALEM 94467 
Tel: 533 221, 553 242 
Telex: 2523 1 AB/PAKPD l 
A 

Electronics Engineering Division 
Motorola Israel U-i 
16 Kremenetskl Steel 
P.O. Box 25016 
m-Amum 
Tet 388338 
Telex: 33569 Motif l 
Cob*: BAS TFl Tet Aviv 
CHCU.CS.EMP 

ITALY 

Hewlett-Packard Italana S.p.A 

Travers* 99C 

Via Ok*} Petroni, 19 

1-70124 BAM 

Tel: (060) 41-07-44 

U 



Hewtatt-Packa.d Italana S.pA 
Via Martin Luther King, 38/1 
M0 132 BOLOGNA 
Tel: (051) 402394 
Telex: 511630 
CH.E.MS 

Hewiett-Packard Italana S.p.A. 

Via Principe Nteola 43Q/C 
1-95126 CATANIA 
Tel: (095) 37-10-87 
Telex: 970291 
C,P 

Hewiett-Packard Italana S.p.A. 

Via 0. Di Vittorio 9 

1-20063 CtMAJSCO 6UL NAVKHJ0 

(Utoo) 

Tel: (02) 923691 
Telex: 334632 
A.CH.CM.CS.E.MP.P 
Hewiett-Packard Italana S.p.A. 

Via C. Colombo 49 

1-20090 TK2ZAN0 SUL KAWGUO 

(MUano) 

Tel: (02) 4459041 
Telex: 322 116 
C,M 

Hewiett-Packard Italana S.p.A. 

Via Noova San Roeco a 
Capodtmonle. 62/A 
1-80131 KAPOU 
Tel: (081) 7413544 
Telex: 710698 
A, CH.E 

Hewiett-Packard italana S.p.A. 
Viale Q. Moduytto 33 
M61560GN0VAPCGLI , 

Tel: 1010) 68-37-07 
Telex: 215238 
E,C 

Hewiett-Packard Italana S.p.A. 
ViaPetezo 15 
1-35128 PADOVA 
Tel: (049) 664888 
Telex: 430315 
A, CH.E, MS 

Hewlett-Packard Italana S.p.A. 
Viale CvPavese 340 
K)0 144 ROMA EUR 
Tel: (06) 54331 
Telex: 610514 
A.CH.CM.CS.E.MS.P* 
Hewiett-Packard Italana S.p.A. 
Via di Caseina 57/C 
1-50018 SCANOKXHFKNZE 
Tel: (055) 753863 
Hewiett-Packard Italana S.p.A. 
Cor so Svizzera, 185 
1-10144 TORINO 
Tel: (01 1)74 4044 
Telex: 221079 
CH.E 

JAPAN 

Yokogawa-Hewiett-Packard Lid. 
152-1. Orma 
ATSUGL Kanagawa. 243 
Tel: (0462) 284)451 
CM.C'.E 

Yokogawa-Helwett-Packard Ltd. 

Mef-Seimei Bldg. 6F 

3-1 Hon CNba-Cho 

OMUL 280 

Tel: 472 25 7701 

E.CHCS 



Yokogawa-Hewiett-Packard Ltd. 
Yasuda-Seimei Hiroshima Bldg. 
6-1!,Hon-dori, Haka-ku 
HROSHMA, 730 
Tel: 82-241-0611 
Yokogawa-Hewiett-Packard Ltd. 
Towa Buidng 

2-3, Ktigan-dod, 2 Chome Chuo-ku 

ROM, 650 

Tel: (078) 392-4791 

C,E 

Yokogawa-Hewiett-Packard Ltd, 
Kumagaya Asahi 82 Bldg 
34 Tsukuba 
KUMAGAYA, Saltama 360 
Tel: (0485) 24*6563 
CH.CM.E 

Yokcgawa-Hewiett-Packard Ltd. 
AsaN Shinbun DaBcN Seimel Bldg. 
4-7, Hanabata-cho 
KUMAMOTO, 860 
Tel: (0963)54-7311 
CH,E 

Yokogawa-Hewiett-Packard Lid. 
Shln-Kyolo Center Bldg. 

614, ffgashl-SNokojl-cbo 
Karasuma-NteNifti 
Shlokojl-dori, Shimogyo-kii 
KYOTO, 600 
Tel: 075-343-0921 
CH,E 

Yokogawa-Hewiett-Packard Lid. 

Mtto Mitsui Bldg 

4-73, Sanno-maru, 1 Chome 

MTO, toaraki 310 

Tel: (0292)25-7470 

CH.CM.E 

Yokogawa-Hewiett-Packard Lid. 

Sumitomo Seimel 14-9 Bldg. 

Mdeki-Minaml, 2 Chome 

Nakamura-ku 

NAGOYA, 450 

Tel: (052) C7 1-5171 

CH,CM,CS.E,MS 

Yokogawa-Hewiett-Packard Lid. 
ChuoBkig., 

4-20 Nshlnakajima, 5 Chome 
Yodogawa-ku 
OSAKA. 532 
Tel: (06) 304-6021 
Telex: YHPOSA 523-3624 
A,CH,CM,C$,E,MP,P* 
Yokogawa-Hewlett-Packr/d Lid. 
27-15, Yabe, 1 Chome 
SAGAMMARA Kanagawa, 229 
Tel: 0427 59-1311 
Yokogawa-Hewiett-Packard Ltd. 
Dakchi Seknel Bidg. 

7*1, NteN ShinjiAu, 2 Chome 
SNnjuku-kuJOKYO 160 
Tel: 03-3484611 
CH.E 

Yokogawa-Hewlelt-Packard Ltd. 
29-21 Takakto-Ngashl, 3 Chome 
SugtnamMtu TOKYO 168 
Tel: (03) 331-611 
Telex: 232-2024 YHPTOK 
A.CH.OI.CS.E.MP.P* 
Yokogawa-Hewiett-Packard Lid. 
Oaichi Asano BuMing 
2-0, Odori, 5 Chome 
UTSUNOMYA, Tochigi 320 
Tet (0286) 25-7155 
CH.CS.E 



Yokogawa-Hewiett-Packard Ltd. 
Yasuda Seimei WshfgucN Bldg. 

30-4 Tsuruya-cho, 3 Chome 
YOKOHAMA 221 
Tel: (045) 312*1252 
CH.CM.E 

JORDAN 

Mouesher Cousins Company 
P.O. Box 1387 

AMMAN 

Tel: 24907, 39907 
Telex: 21456 SABCO JO 
CHUMP 

KENYA 

ADCOMLId., Inc., Kenya 
P.O.Box 30070 
NAIROBI 
Tel: 331955 
Telex: 22639 
EM 

KOREA 

Semsvng Electronics HP Division 
12 FI. Rbem Bldg. 

Sen 75-31, Yeoksam-Dong 
Kangnam-Ku 
Yeongdong P.O. Box 72 
SEOUL 

Tel: 555-7555. 555-5447 
Telex: K27364 SAUSAN 
ACHCUCS.E.U.P 

KUWAIT 

AI-KhakSya Trading 6 Contracting 
P.O. Box 830 Salat 
KUWAIT ! 

Tet: 424910, 41-1726 
Telex: 22481 Areegkl 
CHEM , 

Photo 6 One Equipment 
P.O. Box 270 Safer 
KUWAIT 

Tel: 42-2846. 42-3801 
Telex: 22247 Uatinkt 

P ^ , 

LEBANON 

G.M. Doftwdjian 

Achraffeh 

P.O. Box 165. 167 

BEIRUT 

Tel: 290293 

UP” 

Computer k\ formation Systems 

P.O. Box 11-6274 

BEIRUT 

Tei: 89 40 73 

Telex: 22259 

C 

LUXEMBOURG 

Hewtett-Packaid Belgium S.AJN.V. 

Blvu de la Wohrwe, 100 

WokrwedaJ 

B-1200 BRUSSELS 

Tel: (02) 762-32-00 

Telex: 23494 paloben bru 

A.CH.CM.CS.E.MP.P 

MALAYSIA 

Hewiett-Packard Sales (Malaysia) 
Sdn. Bhd. 

1st Floor, Bangunan British 
American 

Jaian Semanlan, Damansara Heights 

KUAU LUMPUR 23-03 

Tel: 943022 

Telex: MA31011 

A.CH.E.M,*'* 



IMAYLAYSIA (Cont'd) 

Promt Engineering 
l <P,O.Box 1917 
/tot 6624, Section 64 
j 23/4 Perring Road 
i Hbching. SARAWAK 
M 36299 i 

Tekx: UA 709QJ PfXML 
Cable: PROTELEhG 
AE.U 

MALTA 

PMp Toledo Ltd. 

NotabieRd. 

MRKNEL 

Tel: 447 47, 455 66 
i Telex: Mode MV 649 
EJ> 

MEXICO 

Hewlett-Packard Mexicans, S.A. 
deC.V. 

Av. Perffertco Sur No. 6501 
Tepepan, Xochimico 
16020 MEXICO O.F. 

Tel: 6*76*46*00 

Telex: 17*74*507 HEWPACK MEX 
A,CH,C$,E,MS,P 
Hewlett-Packard Mexlcana, S.A 
deC.V. 

Ave. Colonla del Vale 409 
Col. del Vale '■ 

Munldplode Garza Garda 
MONTERREY, Nuevo Leon 
Tel: 76 42 41 
Telex: 038 410 
CH 

ECtSA 

Josti Vasconcebs No. 218 
Col \ Condesa Deleg. CuauhtSmoc 
MEXICO D.F. 06 140 , 

Tet 553-1206 

Telex: 17-72755 ECE AC 

u 

MOROCCO 

Dobeau 

SlruaKaratchl , 

, CASABLANCA 

Tel: 3041-82, 3068-38 , 

Telex: 23051, 22822 ' y{ „ 

\ 

i Gerep <■ l , ' 

2 rue d' Agadir . , 

BoRePostab 156 >)'■’ , 

CASABLANCA ’’!» 

Tel: 272093, 272095 
Telex' 23 739 \\ 

p 

NETHERLANDS 

Hewlett-Packard Nederland B.V. 

Van Heuven Goedhartaan 121 ' 
NL H81KK AMSTELVEEN 
P.O.Box 667 
NL1 180 AR AMSTELVEEN' 

Tel: (020) 47*20*21 

Telex: 13216HEFANL , ' 

ACH,CM,C$,E,MP,P 

Hewlett-Pack vd Nederland B.V. , 

Bongerd2 

NL 2906VK CAPEUE A/D UtSf L ; 
P.O.Box 41 

NL 2900AA CAPE LIE A/D US8CI 
Tel: (10) 51-64-44 
Tdex; 21261 HEPACM. 

ACH.CS, E > 



Hewlett-Packard Nedertand B.V. , 
Pastoor Pelersstraat 134-136 
1 NL 5612 LVDNOHOVEN 
P.0. Box 2342 
NL 5600 CH ENOHOVEN 
Tel: (040) 3269 11 
Telex: 51464 hepae n» 

A,CH*\E,M 

NEW ZEALAND 

Hewlett-Pack ara OLZ.) Ltd. 

5 Owens Road 
P.O.Box 26-189 
Epsom, AUCKLAND 
Tel: 687*159 

Cable: HEWPACK Auckland 
CH,CM,E,P* 

Hewvitt-Packard (N.Z.) Ltd. 

4-12 Cnxckshank Street 
KIWmie, WELLINGTON 3 
P.0. Box 9443 

Contenay Place, WELLINGTON 3 
Tel: 077*199 

Cable: HEWPACK WeHinglon 
CH.CM.E.P 

Northrop bstrvnents S Systems ltd. 

369 Khyber Pass Road 

P.O.Box 8602 

AUCKLAND 

Tel: 794 091 

Telex: 60605 

AU 

Northrop' Instruments 6 Systems Ltd. 
1 10 Uandevitie St. 

P.O. Box 8388 
CHRISTCHURCH 
Tel: 485-928 ■ 

Telex: 4203 
AM 

Northrop Instruments 5 Systems Ltd. 

SturdeeHouse 

85-87 Ghuznee Street 

P.O. Box 2406 

WELLINGTON 

Tel: 850-091 

Tebx: NZ 3380 

AM , r 

NORTHERN IRELAND /' 
Unltad Kingdom 
NORWAY 

Hewlett-Packard Norge A/S 
Fo*e Bemadottes vd 50 
P.O. Box 3558 

N-5033 mJJNGSOAUN (Bergen) 
Td: 0047/5/16 55 40 
Tdex: 16621 hpnaan 
CH,CS,E,MS 

Hewlett-Packard Norge A/S 
Ostemdalen 16*18 
P.O. Box 34 
N*13450$TIRAS 
Td: r 047/2/17 11 eo 
Tdex: 16621 hpnaan 
ACH,CM,C$,E,M,P 

i OMAN 

, KhimflRan das . 

P.O. Box 19 
i MUSCAT 

' Tel: 722225, 745601 

Telex: 3289 BROKER MB MUSCA T 

v, P 

\ Suhai A Saud Bahwan 
P.O.Box 169 
, MUSCAT 
Tet 734 201-3 
Telex: 3274 BAHWAN MB 



SALES & SUPPORT OFFICES 
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PAKISTAN 

Mushko & Company Ltd. 

1-B, Street 43 
Sector F-8/t 
ISLAMABAD 
Tel: 51071 

Cable: FEMUS Rawalpindi 
AEM 

Mushko A Company Ltd. 

Oosman Chambers 
Abdulah Haroon Road 
KARACHI 0302 
Tet: 524131, 524132 
Tebx: 2894 MUSKO PX 
Cable: COOPERATOR Karachi 
AM.P' 

PANAMA 

EbctrMco Balboa, S.A. 

Crie Samuel Lewis. Ed. Alfa 
Apartado 4929 
PANAMAS 

Tel: 63-6613, 63-6748 
Telex: 3483 ELECTRON PG 

A.CUJ.M.P 

PERU 

Cto Electro M6dba S.A 
Los Flamencos 145, San Isidro 
CasMa 1030 1 

UMA 1 

Tel: 41-4325, 41-3703 
Telex: Pub. Booth 25306 
CM.EM.P 

PHILIPPINES 

The Online Advanced Systems 
Corporation 

Rico House, Amasob Cor. Herrera 
Street 

Leoaspl l 'Mage, Makati 
P.O. Box 1510 
Metro MANNA 

Tet 85-35-81, 85-34-91, 85-32-21 
Telex: 3274 ONLUE 
A CH.CS.IM 

Electronic Specialists and Proponents 
ibc. 

690-B Eptfanb de bs Santos Avenue 
' Cubao, QUEZON CtTY 
P.O. Box 2649 Mania 
Tet 98-96-81, 98-96-82, 98-96-83 , 
Telex: 40018. 42000 ITT GLOBE 
MCKAY, BOOTH 
P 

PORTUGAL 

Murrinter 

Inlercambb Modal de Comtrdo 
SARI. 

P.O. Box 2761 

Av. Antonb Augusto de Aguiar 138 
P-US80N 

Tel: (19) 53-21-31, 53-21-37 
Tebx: 16691 munterp 

M 

SoquMca 

Av. da Lberdade, 220-2 , 
1298US80A Codex 
Tet 56 21 81/2/3 
Tebx: 13316 SABASA 
P 

Tebclra-Empresa Ticnba de 
Equipments EKctricos S.A.R.L . 

Rua Rodrigo da Fonseca 103 

P.O. Box 2531 

P4JS80N 1 

Tet (19) 68-60-72 

Tebx: 12598 

CH.CS.EJ* 



PUERTO RICO 

Hewlett-Packard Puerto Rico 
Ave. Munoz Rivera #101 
Esq. Cale Ochoa 
NATO RET, Puerto Rico 009 18 
Td: (809) 754*7800 
Hewlett-Packard Puerto Rico 
Cale 272 EdtfkSo 203 , 

Urb. Country Club 
MO PttORAS, Puerto Rico 
P.O. Box 4407 

CAROLINA Puerto Rico 00626 
Td: (809) 762*7255 
A,CH,CS 

QATAR 

Computearbia 
P.O. Box 2750 
DOHA 

Tel: 883555 
Tebx: 4806 CHPARB 
0 

Eastern Technical Services 

P.O.Box 4747 

DOHA 

Tet: 329993 

Tebx: 4156 EASTEC OH 

Nasser Trading A Contracting 

P.O.Box 1563 

DOHA 

Tet: 22170, 23539 
Tebx: 4439 NASSER DH 
M 

SAUDI ARABIA 

Modem Ebctronb Esfabtishment 

Hewbtt-Packard Division 

P.O. Box 22015 

Thuobah 

ALKHOBAR 

Tel: 895-1760, 895-1764 
Tebx: 671 106HPMEEKSJ 
Cabb: ELECTA AL-KHOBAR 
CHCS.SM 

Modem Ebctronb Establishment 

Hewbtt-Packard Otvisbn 

P.O. Box 1228 

Redec Plaza, 6th Floor 

JEDDAH 

Tet 644 38 48 

Tebx: 4027 12 FARNAS $J 

Cabb: ELECTA JEDOAH 

CH.CSE.M 

Modem Ebctronb Establishment 
Hewbtt-Packard Division 
P.O.Box 22015 
RIYADH 

Tel: 491-97 15,491-6387 
Tebx: 202049 MEERYDSJ 
ch.cs.im 

Abdul thanl El Ajou 
P.O. Box 78 
RIYADH 

Tet 40 41 717 

Tebx: 200 932 EL AJOU 

P 

SCOTLAND 
S«« United Kingdom 

SINGAPORE , 

Hewlett-Packard Singapore (Sales) - 

Pte. Ltd. j 

#08-00 Inchcape House 

450*2 Alexandra Road 

P.O. Box 58 Alexandra Rd. Post Office 

SINGAPORE, 91 1 5 

Td: 631788 

Tdex: HPSGSO RS 34209 , 

Cable; HEWPACK, Sktparore 
A.CH.CS.EMS.P 
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t 



i 






I 




SALES & SUPPORT OFFICES 

Arranged alphabetically by country 



SINGAPORE (Cant’d) 

DynamarMematlonalLld. 

Unit 05- 11 Block 6 
Kotam Ayer Industrial Estate 
SmQAPORt 1334 
Tel: 747-6138 
Telex: RS 26283 
cu 

SOUTH AFRICA 

Hewlett-Packard Go Africa (Pty.) Lid. 
P.O. Box 120 

Howard Place CAPS PROY* Ct 7450 
pine Part Cooler, Forest Mvp, 
Ptnetonds 

CAPE PROVINCE 7405 
TeL S3-7054 ... 

Tektx: 57*20006 
A.CH.CM.E.MS.P 

Hewlett-Packard So Africa (Pty.) Ltd. 
P.O. Box 37099 
02 Overport Drive 
DURBAN 4067 

Tel: 2S-417B, 28-4179, 28-4110 
Telex: 6-22954 i 
'01,04 i 

Hewtett-P&rkcrd So Africa (Pty.) Ltd. 
6 Linton Arcade 
611 Cape Road 

Linton Grange 1 , 

PORT EUZABETH 6000 
Tel: 041-302148 
CH - 

Hewlett-Packard So Africa (Pty.) Ltd. 
P.O.Box 33345 

GlenslanUa 0010 TRANSVAAL 
1st Floor East j 

Constant* Park RUge Shopping , 
Centre > 

Constant* Park 
PRETORIA 
Tel: 982043 
Telex; 32163 
CH,E 

Hewlett-Packard So Africa (Pty.) Ltd. 
Private Bag Wendywood 
IANOTON 2144 
Tel: 802-5111,802-5125 
Telex: 4-20877 

Cable: HEWPACK Johannesburg 
, A,CH,CM,CS,E,MS,P 

WIN 

►towtelt-Packard Espaftoto S.A. 

CafeEntenza,32t 

E-IARCILOnA 29 

Tel: 322.24.5 1,32,1.73.54 

Telex; 62603 hpbee 

A,CH,CS,E,MS,P 

Hewlett-Packard Espaftoto S.A. 

Cafe San Vlce.rie S/No 
EdtfidcAtoto* 

E-tUAOl 
Tel: 423.83.06 
A,CH,E,MS 

Hewlett-Packard EapaAo* S.A. 

Crta. do * Con/a, Km. 16,400 

Las Rozas 

E-MADMO 

Tel: (1)637.00.11 

CH.CS.M 

Hewlett-Packard Espafioto S.A. 
Avda. S. Francisco Javier, S/no . 
Ptanta 10 Edftdo SevAa 2, , m 
• E-SEV&1A 5 , ;'v . r 

Tet6A.44.5A, 

Telex: 72933 
A.CS.US.P 



Hewlett-Packard Espafioto S.A. 
CaBe Ramon GordKo, 1 (Entto.3) 
E-VAUNCtA 10 
Tel: 361*1354 
CH,P 

SWEDEN 

Hewlett-Packard Sverige AB 
Sunnanvagen 14K 

S' 2226 LUND 

Tel: (046) 13-69*70 

Telex: (854) 17880 (vto Spinga 

office) 

CH 

Hewlett-Packard Sverige AB 

Ostra Tulgatan 3 

S-21128MAUIO 

Tel: (040) 70270 

Telex: (B54) t7886(v*SpSng£ 

office) 

Hewlett-Packard Sverige AB 

Vistra Vmiergatan 9 

S-70344 OREBRO 

Tel: (19) 10-48-80 

Telex: (854) 17886 (via Spftnga 

office) 

CH i 

Hewtelt-Packard Sverige AB 
Skal>ol1sgatan 9, KIs* 

Box 19 

S- 16393 BPANaA 
Tel; (08) 750-2000 
Telex: t85A) 17886 
, Telefax: (08) 7627781 
A,CH,GM,CS,E,MS,P 
Hewlett-Packard Sverige AB 
‘ FrOtaKsoatan 30 „ 

S-42132 VASTRA-fROLUNDA 
I Tel: (03 1)49-09-50 
1 Telex: (854) 17886 (v* Spinga 
office) , 

CH.E.P 



SWITZERLAND 

Hewlett-Packard (Schweiz) AG 
Ctarastrasse 12 > 

CH-4058 BASEL 
Tel: (61) 33-59-20 

A 

Hewlett-Fackard (Schweiz) AG 
7, rue do Bois-du-Lan 
•. Case Posts* 365 
CH-1217 HEYMN 2 
Tel: (0041) 22-83*11-11 
Telex:27333 HPAGpH 
CH.CM.CS 1 

Hewlett-Packard (Schweiz) AG ( > 
Almend 2 
CH-6967 W10EN 
Tel: (0041)57 31 21 11 
Telex: 63933 hpag ch 
Cable: HPAGCH 
A,CH, CM.CS, E, MS, P 



SYRIA 

General Electronic Inc. 

Hurl Baste tins! Ebn Keys Street 
P.O. Box 5781 



DAMASCUS 
Tel: 33-24-87 I 
Telex: 411 215 1 . 

Cable: RECTPOBOR DAMASCUS 



Udcte East Electronics 
P.O.Box 2308 
AbuRumnaneh 
DAMASCUS 
Tec 334 5 92 
Telex: 411 304 

u 



TAIWAN 

Hewtelt-Packard Far East Ltd. 

Kaohskjng Office 

2/F 68-2, Chung Cheng 3rd Road 

KAOHSIUNG 

Tel: (07) 241-2318 

CH.CS.E 

Hewtelt-Packard Far’ East Ltd. 

Taiwan Branch 
Bth Floor 

337 Fu Hslng North Road 1 
TAIPEI 

Tel: (02) 712-0404 
Telex: 24439 HEWPACK 
Cable:HEWPACK Taipei 
A.CH.CM.CS.E.M.P 
tojLih Tradng Co. 

3rd floor, 7 Jen-Ai Road, Sec. 2 
TAIPE1 100 
Tel: (02} 3948191 
Cable: NGLH TAPE! 

4 

THAILAND 

Unimesa 

30 Patprw Ave., Suiwog 
BANGKOK 5 
Tel: 235-5727 
Telex: 84439 Simonco TH 
Cable: UNB4ESA Bangkok 
\ A.CHCS.E.U 

Bangkok Business Equipment Ltd. 

5/5-6 Dejo Road 

Miitrjrnit 

Tel: 234-8670, 234-8671 
Teto: 87669-BEOUPT TH 

Cable: BUStOUTT Bangkok 
P 



\ TRINIDAD & TOBAGO 

! Cvtbcw Telecoms Ltd. 

50/A Jemlngtem Avenue 

P.O. Box 732 

PORT Of OP/ N 

Tel: 62-44213, 62-44214 

Telex: 235,272 HUGCOM* 

CHEMP 

TUNISIA 

Tunisie Electronkjue 
31 Avenue de la Uberte 
TUNIS 

Tel: 280-144 

. lP i 

Corema 

1 ter. Av.de Carthage 
TUNIS 

Tel: 253-821 
Telex: 12319 CABAUTN 

U 



TURKEY 

Teknim Company Ud. 
Iran Caddesl No. 7 



Kavakfdere, ANKARA 
Tet: 275800 1 
Telex: 42155 7KNU 
E 






i 



) 




t 



i 



Medina Eldcm Sokak No, 4 1/6 
YuksciCaddesI 
. ANKARA 
Tet: 175622 
Telex: 42 591 
u 

UNITED ARAB EMIRATES 

EirttacLtd, 

P.O. Box 2711 
ABUCHABI 
Tel: 82 04 19-20 
Cable: EkMTAC A8U0HABI 

EmitacLtd. 

P.O.Box 1641 
SHARJAH 
Tel: 591 181 

Telex: 68136 Erritac S!) 

CRC$, EM, P 

UNITED KINGDOM 

GREAT BRITAIN 

Hewlett-Packard Ltd. 

Trafalgar House 
Navigation Road 
ALTRINCHAM 
Cheshire WA14 1NU 
, Tet 061 928 6422 
Telex: 668068 
A.CH.CS.E.M.MS.P , 

Hewlett-Packard Ud. 

Elstree House, Elstree Way 
B0REHAMW000, Herts W06 ISO 
Tel: 01 207 6000 
Tetex: 8952716 
E, CH.CS, P 

Hewlett-Packard Ud. 

Oak field House, Oakfieid Grove 
Clifton BRISTOL Avon BS8 2BN 
Tel: 0272 736606 1 
Telex: 444302 
CH.CS, E.P 

Hewlett-Packard Ud. 

Bridewd House 
Bridewd Ptoce 
LONDON EC4V 66S 
Tel: 01 6B3 6565 
Telex: 298163 
CH.CS.P 

Hewlett-Packard Ltd. 

Fourier House 
257-263 Wgh Street 

LONDON COLNE Y 

Herts. AL2 tHA, SI. Atoans 
Tet: 0727 24400 
Telex: 1-8952716 
CH.CS 

Hewlett-Packard Ltd. 

Pontefract Road 

NORMANTON, West Yorkshire WF6 1RN 
Tet: 0924 8B5566 
Telex: 557355 
CH.CS, P 

Hewlett-Packard Ud. 

The Quadrangle 

106-118 Station Road 
REDHtti, Surrey RH1 IPS 
Tet: 0737 68655 
Tetex: 947234 
CH.CS, E,P 



t 
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, GREAT BRITAIN (Cont’d) 

Hewlett-Peckard Ltd. 

Avon House ■' : 

435 Wratfwd Hoad 
Shirley, SOLHUU, West MkXaods 
B904BL t 

' Til; 021 745 B30d 1 ' 

- 1 Tele*: 339105 
CH,CS,E,P 

Hewle»VPackard ltd. 

West End House 
41 Ugh Street, West End 
, SOUTHAMPTON ) , 

Hampshire $03 300 ' . 

Tel: 042 IS 6767 
Telex: 477138 : > i , 
CH,CS,P 

Hewlett-Packard Ltd. 

Eskdale Rd. ; • >' i 

Wkwersh, WOKINGHAM 
Berkshire RG11 60Z. 

Tel: 0734 696622 ' ! 

Telex: 648884 

' e i » ; i ; , , 

Hewlett-Packard Ltd. 

King Street Lane , 

Winners)*, W0KWG8A>i 
Berkshire RG 11 6AF, 

Tel: 0734 784774 1 

Telex: 847178 
A,CHCS.E,M,MP ( f ( , 

Hewtelt-Peckaid lY :> 1 

Mne Mie Rde 

Easthampstead, WCH'WGHAU . 
Berkshire, 3RG 11 3LL ' ». 

Tel: 0344 773100 
Telex; 848805 ' 

j CH,CS,E,P i « > 

IRELAND 

NORTHERN IRELAND / 

>HewtakPackird Ltd. 

1 ' Cardiac Services Building 
95A Fkvcghy Road Sc Jh , 
MUFAST BT10 067 
11 Tel: 0232 625-666 . 

Telex: 747625 ,/■ , i 

CH.CS , - ' 

eCOTUND, 

Hewlett-Packard^. , 1 1 1 

BOOTH OUEENSf ERRY 
West Lothian, EH30 9TG 
Tet 031 331 1183 v , ) . , 

Telex: 72632 A, 

! CH, CM.CS, E,M,R 

UNITED STATES ' 

Alabama - ,l 
Hewletl-Packard Co., y. 

700 Century Park South, Suite 128 
VMMNGHAM, AL 35226 
Tel: (205; 622-6802 1 ! 

A.CH.U h , 

Hewlett-Packard Co. 

420 Wyrit Drive 
HUNTSWIC.AL 35805 
P.O.Box 7700 , 

HUHTSVUI.AL 35807) 

Tel: (205)830-2000 
.CH, CM.CS, E.M* 

Artion * 1 » V, 

Hewlett-Packard Co. 

8080 Pdnte Parkway West 
PH0UU.-AZ 85044). ' > 

Tel: (602) 273-8000 >’ 

A,CH,CM,CS,E,MS 1 



Hewlett-Packard Co, 

2424 East Aragon Road , 1 
TUCSON, A2 85706 r,\ 

Tel: (602) 639-4631 
CH,E,MS” . . " 

California » 

Hewlett-Packard Co. 1 
99 South W Dr. 1 
BRISBANE, CA 9400G . V r 
Tel: (415) 330-2500 ’ 

CH.CS • ' 

, Hewlett-Packard Co.i ’ , 

P.O. Box 7630 (93747) 

5060 E, Clinton Avenue, Suite 102 
, FRESNO, CA 93727 , 

Tel: (209) 252-9652 
CH.CS, MS 

Hewlett-Packard Co. , * 

P.O. Box 4230 , >, ' 

1430 East Orange thorpe 
FULURTON.CA 92631 
Tel: (714) 070-1000 ■ 
CH.CU.CS.E.MP 1 
, Hewlett-Packard Co. 

320 S. Kdtogp, SUte B 
G0LETA.CA 93117 
Tel: (805)967-3405 

Hewlett-Packard Co. 

5400 W. Susecrans Boulevard , 
LAWNDALE, CA 90260 , , ' ’ 

P.O. Box 02105 s *' » 

LOS ANGILIS.Ca’ 90009 
' Tel: (213) 070-7500 ',i< 

Telex: 910-325-6608 « 
ai,CM,CS,MP -i' ; 
Hewle.fPacJrard Co. 

3155 Porter Oaks Drive ( : 

PALO ALTO, CA ,04304' 

Tel: (415) 857*fe000 
' CH.CS, E 

Hewlett-Packard Co, , 

1244 So. Market Court, Suite A 
P.O. Box 15976 
SACRAMENTO, CA 95852 
Tel: (916) 029-7222 . ' 1 
A*,CH,CS,E,W$ : 

.Hewlett-Packard Co, 

9606 Aero Drive . y ' 
P.O.Box 23333 „/.>■ ’ 

SAN DIEGO, CA02 139 ' , " 

Tet'(519) 279-3200 
CH, CM.CS, E,MP 
, Hewlett-Packard Cc.l ' 

2305 Camino Ramon 'C* 

SAN RAMON, CA 64563 1 . i ■ ! 

Tet: (415) 838-5900 : ; > 

CH.CS h 1 ' 

Hewlett-Packard Co. 

1 3005 Scott Botievard ' 1 

S»;.a CLARA, CA 05050 
Tel: (408) 988-7000 / 

Telex: 9 10*33 80686 . ,,, ■' 

A.CH, CM.CS, E,MP '■/.= ' 
Hewletl-Packerd Co. > 

1 5703 Corsa Avenue , . 
WESTLAKE YltiA 02, CA 9 1362 
Tel: (213) 706-6800 , ' 

l*,CH%CS" ; ,V • 

Colorado , 

Hewlett-Packard Co. 1 ' 

24, Inverness Piece, East 
ENQLEWOOO, CO 60 1 12 
Tel: (303) 649-5000 
A,CH,CM,CS,E,MS 1 V, 



Connecticut , 1 , 

HevAett-Packard Co. 

47 Bames Industrial Road Soutn : 
P.O.Box 6007 ,V 
WALLINGFORD, C7 06492 
Tet: (203) P.65-7801 i '/ 
A,CH,CM,CS,E,MS 

riorlda , 

Hewlett-Packard Co. 

290 62nd Street 
P.O. Box 242 tO 

1 FORT UUDIPOALE.FL 33307 ' 
Tet: (305) 973-2600 
CH.CS, E.MP 
Hewlett-Packard Co.- ; 

6177 Lake EBenor Drive 
P.O.Box 13910 
ORLANDO, FL 32853 
Td: (305) 859-2000 
A.CH.CM.CS.E.MS i 
Hewlett-Packard Co. r > 

57506 N. Hoover Blvd., Suite 123 
’ P.O. Box 15200 
TAMPA, FL 33614 
Tel: (813) 884 -32e2 ‘ i 

A*,CH,CM,CS,£\M* » 

Georgia i 1 

Hewlett-Packard Co. 1 ’ 

.2000 South Park Place 
P.O. Box. 105005 
ATLANTA, GA 30348 
Tet: (404) 055*1500 
1 Telex: 810-766-4B90 
A,CH,CW,CS,E,MP 

■ Hawaii « ' 

Hewlett-Packard Co. ' , 

Kawalahao Plara, Suite 190 1 

667 South King Street 
.'HoNOLULU.HI 96813 
‘ Tet: (800) 526- 1555 
A,CH,E,MS 

tlilnola 

Hewlett-Packard Co. 

304 Eldorado Road 1 
P.O.Box 1607 
Bt.OOMINGTON,l 61701 
T;t: (309) 662-0411' • 

j , , 

Hewlelt-Ptckard Co. , i 
1100 3 1st Street, Suite; tOO 
DOWNERS GROVE A 60515 v j • 
Tel (312) 960-5' 60 • ‘ 

nsj.es , . ) . 

, rlawtell-Packard to. •. 1 
5201 ToSvIew Drive > / 

ROLLING MEADOWS,! 60008 
Tel. (312)255-9300 
Telex: 910-887 ,1066 
A,CH,CM.CS,E>1P V'T 

Indiana 

Hewielt-Packard Co.. 

7301 No, Shadetehd Avenue 
P.O. Box 50807 , , i 

MDtANAPOUS,M 46250 f - 

Td: (317) 842-1000 ) 

A,CH,CM,CS,E,MS 

Iowa, * 

. Hewlett-Packard Co. , i 1 

1778 22nd Street, Suite 1 
WEST DESMOff«S,tA 50265 
Td: (5 15) 224-1435 
CHAIS** . 



Kama* 

Hewielt-Packard Co. 

7804 East Funston Road, #203 
WICHITA, KS 67207 
' Td: (316) 684-8491 
CH 

Kentucky 

Hewlett-Packard Co. 

1 10300 Linn Station Road, #100 
LOUISVILLE, KV 40223 
Td: (502)426-0100 
A, CH.CS, MS 1 

Louisiana , * 

Hewlett-Packard Co. 

160 James Drlvfe East ■ 

ST. ROSE, LA 7008 7 
P.O. Box 1449 

' KENNER, LA 70063 ' ! 

Tel: (504) 467*4 100 
A,C»iCS,E,MS I 

Maryland 

Hewielt-Packard Co. 

3701 Hoppers Street 
BALTIMORE, MD 21227 
Td: (301)644-5800 
i ' Telex: i710-B62* 194? 

. A.CH.OM.CS.E.MS 
Hewlett-Packard Co. 

2 Choke Cherry Road , ■ 

ROCK VII LE, MO 20850 . 

Td: (301) 948-6370 
A.CH, CM.CS, E,MP< 

i Maaaachuaetta 

Hewielt-Packard Co, 

1775 Mtruleman Road 
i- ANDOVER, MA 01810 . i 

Td: (617) 682-1500 
A,C,CH,CS,CM,E,I#»,P* 

Hewlett-Packard Co. 

32 Hartwell Avenue 
LEXINGTON, MA 02173 ! 

Td: (617) 861-6960 
CH.CS, E , j 1 

Michigan 

Hewlett-Peckard Co, 

4326 Cascade Road S.E. ' 
GRAND RAPIDS, Ml 49506 
Td: (616)957-1970 
CH.CS, MS 

Hewielt-Packard Co. 

177 1W. Big Beaver Road 
TROT, Ml 48084 
Tet: (313) 643-6474 
CH.CS 

Minnesota 

Hewletl-Packard Co. 

2025 W. Lerpenteur Ave. 

ST. PAUL, MN 55113 
Td: (512) 644-1100 
! A.CH.CM.CS.E.MP 

' Missouri ' 

Hewtett-Packard Co. 

11131 Colorado Avenue 
KANSAS CTTY, MO 64137 
»Td: (816) 763-8000 
ft,CH,CM,CS,E,MS j 

Hewletl-Packard Co. • , - , ' 



13001 HoBenbefg Drive 
BRtOGETON, MO 33044’ 
TeK(314) 344-^100 



A,CH,CS,E,MR. 
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UNITED STATES (Cont'd) 

Ntbraaka 

Hewlett-Packard 
10824 OW MU Rd., Stile 3 
OMAHA, Nf;'68154 
Tel: (402V 334-1813 
CM, MS I 

Naw Jaraay 

Hewlett-Packard Co. 

120 W, Century Road 
PARAMUS.KJ 07652 
Tel: (201) 265-5000 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 

60 New England Av. West 
PtSCATAWAY.NJ 08854 
1 Tel: (201) 98M 199 
A.CH.CM.CS.E 

Haw Mexico 

Hewlett-Packard Co. 

1130 r .jfws Btvd.,N.E. 

P.O.MW 11634 
ALBUOOERQUE, NM 87112 
TM; (505) 292*1330 
CH.CS.E.MS , 

Haw York 

Hewlett-Packard Co. 

6 Computer Drive Souft 
ALBANY, MV 12205 ' . , 

'' Tel; (518) 458*1550 / : 1 

A.CH.E.MS ' ) 

Hewlett-Packard Co. ) 

0600 Main Street 
P.O.Box AC . 1 

CLARENCE, NY ^1)31 , 

Tel: (716) 759-8621 

W J ‘ 

Wwlett-PackardCo. . 

>200 Cross Keys Office Park 
FAJRPORT, NY 14450 1 , 

Tel: 1716) 223-9950 ,, 

CH,CM,CS,E,MS 
Hewietl-Packiird Co. 

/ 7641 Hm:/ Cia> Rtvd. 

If LJYlRPOOL, NY 13)88 
Tel: (315) 451*1020 
, A,CH,CM,E,MS 

• < Hewtett-Prfjkard Co. ' , 

. t No. 1 Pr.MyWanto PlaZa 
55th Poor ;--i : * , . > 

34P,StreeU8ihA»enue 1 
..MUMATfAilKY. 10119 
JiM f#k (212)971-0600 | 

V CH,CS f E*,M* ; 
Hewlett-Packard Co. 

CM Westchester Avenue 
WHITE PLAINS, NY 10604 , 

^ Tel: (9)4)684-6100 
,), CM.CJI.CS.E j 
> Hewlett-Packard Co. 

3 Orossway* Park West 
MXJQTJIIY, NY 11797 
)Tel: (5 IP) 921-0500 
• A,CH,CM,CS,E,M$ 

j 1 North Carolina 
Hewlett-Packard Co. 

5605 Roame Way 
1 P.O. Box 26500 
GREENSBORO, NC 27420 
Tat (919) 852*1800 
A,CH,CU,CSJE,MS 



Ohio I, 

Hewlett-Packard Co. 

9920 Carver Road 
CMCMNATI, OH 45242 
Tel: (513) 891*9870 
CH.CS.MS 

Hewlett-Packard Co. 

16500 Sprague Road 
CLEVELAND, OH 44130 
Tel: (216) 243-7300 
A,CH,CM,CS,E,MS 
He wte It -Packard Co. 

662 Crupper Ave. 

COLUMBUS, OH 43229 
Tel: (614) 435*1041 
Id: Nov. 25. 1983 
675 Brooksedge H?£. 
WESTERYUE, OH 43081 
CH.CM.CS.E* 

Hewte!|-Pecka,d Co. 

330 Progress Rd. 

DAYTON, OH 45449 
Tel: ($13) 859-6202 
A,CH,CM,E*,MS 

Oklahoma 

Hewlett-Packard Co. 

304 N. Meridian, Suite A 
P.O. Box 75609 
OKLAHOMA CITY, OK 73147 
Tel: (405) 946-9499 , 
A\CH,E’,MS 
Hewlett-Packard Co. 

3840 S. 103rd E. Avenue, #100 
P.O. Box 05747 
TU18A, OK 74153 
' Tel: (918) 665*3300 
A**,CH,CS,M* 

Oragon 

Hewlelt-Pflckafd Co. 

9255 S. W. Pioneer Court 
P.O. Box 328 

- WILSON VI LIE, OR 97070 

Tel: (503)682-8000 , 
A,CH,CS,E*.MS 

- Pannaylvanla 
Hewietl-Packard Co. 

,111 Zeta Drive , 
l PITTSBURGH, PA 15238 
; Tel: (412)782-0400 
A,CH,CS,E,MP 

. > Hewlett-Packard Co. 

I 2750 Monroe Botievard 
P.O. Box 713 
VALLEY FORGE, PA 16482 
I Tel: (215) 666*9000 
I A.CH.CM.E.M 

South Carolina 
I Hewlett-Packard Co. 
j Brook side Park, Suite 122 

1 Harbison Way 
P.O. Box 21708 
COLUMBIA, SC 29221 
Tel: (603) 732-0400 
CH.E.MS 

Hewlett-Packard Cc. 

Koger Executive Center 
Chesterfield BWg„Sute 124 
GREENVBLE, SC 29615 
Tel: (803) 297-4120 

Yannaiaaa 

Hewlett-Packard Co. 

224 Peters Road, Suite 102 
P.O. Box 22490 
KNOXVftlf, TN 37922 
Tel: (615)691-2371 
A*,CHMS 



Hewlett-Packard Co, 

3070 Directors Row 
MEMPHIS, TN 36131 
Tel: (90 1)346-8370 
A.CH.MS i 

Taxaa 

Hewlett-Packard Co. 

4171 North Mesa 
Suite C*1 tO 
aPASO.TX 79902 
Tel: (915) 533*3555 
CH,E\MS** 

Hewtelt-Packard Co. 

10535 Harwin Drive 
P.O. Box 42816 
HOUSTON, TX 77042 
Tel: (713) 776*6400 
A,CH,CM,CS,E,MP 
Hewlett-Pack aru Co. 

930 E. Camptoel Rd. 

P.O. Box 1270 i 
RICHARDSON, TX 75080 
Tel: (214) 231-6101 
A.CH.CM.CS.E.MP 
Hewlett-Packard Co. 

1020 Central Parkway South 
P.O. Box 32993 
SAN ANTONIO, TX 78216 
Tel: <512) 494-9336 
CH,CS,E,MS 

Utah 

Hewlett-Packard Co; 

3530 W. 2100 South 
SALT LAKE CITY, UT 84110. 
Tel: (B0 1) 074*1700 
A, CH.CS.E.MS 

Virginia 

Hewtett-Packard Co. 

4305 Cox Road 
GLEN ALLEN, VA 23060 
P.O. Box 9069 
RICHMOND, VA 2322B 
Tel: (604) 747*7750 
A, CH.CS.E.MS 

Washington 

Hewlett-Packard Co. 

15815 S.E. 37th Street 
BELLEVUE, WA 96006 
Tel: (206) 643*4000 
A,CH,CM,CS,E,MP 
Hewlett-Packard Co. 

Suite A 

706 North Argonne Road 
SPOKANE, WA 99212 
Tel: (509) 022-7000 
CH.CS [ 

Watt Virginia 

Hewlett-Packard Co. 

4604 MacCorkle Ave. 

P.O. Box 4297 
CHARLESTON, WV 25304 
Tel: (304) 925-0492 
A.MS 

Wlaconaln 

Hewlett-Packard Co. . 

150 S. Sunny Slope Road 
BROOKFKU),Wl 53005 
Tel: (414) 784-8800 
A,CH,CS,E*,MP 



. ,i > , j 

URUGUAY 

Pnbfo Ferrando SAC. e f. 

A vend* ttaSa 2877 
Casia de Correo 370 

uomwio 

Tel: 80-2586 

Telex.- Pubic Booth 901 

A.CU.IM 

VENEZUELA 

Hewlett-Packard de Venezuela C.A. 

3RA Transversal Los Rulces Norte 

Edtfido Segre t, 2 & 3 

Apartado 50933 

CARACAS 1071 

Tel: 239-4133 

Telex: 251046 HEWPACK 

A,CH,CS,E,MS,P 

Hewlett-Packard de Venezuela C.A. 
Cale-72-Entre 3H y 3Y, No, 3H-40 
Edthclo Ada-tveiyn, Local 6 
Apartado 2646 

4001, MARACAIBO, Estado ZUla 

Tel: (061) 80.304 

C,E* 

Hewtett-Packard de Venezuela C.A. 

CaBe Vargas Rondon 

EcfiflcJo Seguros Carabobo, Piso 10 

VAUNCtA 

Tel: (041) 51 385 

CH,CS,P 

Bioetectronlca A Mica CA 
Cafe Buen Pastor 

fot/, Cota tM-Piso 2 y Semi Sotano 1 
> Boteila Norte 

Apartado 507 10 CARACAS 1050A 
Tef:23964 41 
Telex: 26518 

ZIMBABWE 

Field Technical Sales 
45 Keton Road, North 
P.B. 3458 
SALISBURY 
Tel: 705 231 
Telex: 4-122 RH 
CAMP 

July 1983 5952-6900 

Indicates main office 
HP distributors are printed In italics . 



i 




